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EVALUATION 


SECTION  1 


INTRODUCTION  AND  SUMMARY 


This  report  summarizes  the  results  of  a study  into  the  technical  demands 
and  related  cost  impacts  of  a new  generation  of  unattended  radar  systems.  The 
primary  emphasis  of  the  study  addresses  the  requirements  for  a 2 dimensional 
60  nautical  mile  (NMI)  radar  system  for  operation  on  the  DEW  LINE.  A secondary 
^ aspect  of  the  study  considers  the  technological  demand  of  minimal  to  unattended 

operation  for  3 dimensional  200  NMI  air  defense  radars.  The  2D/60  NMI  and 
3D/200  NMI  radars  have  been  designated  Type  A and  Type  B respectively. 

There  are  certain  well  defined  differences  between  the  new  generation  of 
unattended  radars  and  radars  previously  developed.  While  these  differences  are 
clearly  visible,  the  reason  why  older  designs  did  not  incorporate  such  features 
is  more  complicated  and  not  dependent  on  technology  considerations  alone. 

The  question  that  this  study  most  usefully  addresses  is  why  radars  are 
practical  that  have  an  order  of  magnitude  improvement  in  reliability  over  the 
most  modern  operational  systems. 

1.  1 TYPE  A PRIMARY  RADAR  KEY  CONSIDERATIONS 

The  requirement  for  unattended  operation  introduces  two  previously 
minimized  issues: 

1.  Absolute  minimum  prime  power  consumption  (500  watts  goalL  Verv  low 
power  is  considered  fundamental  to  the  ultimate  realization  of  unattended 

• radar  systems  for  the  following  reasons: 

• An  unattended  radar  cannot  function  without  an  unattended  power 
source.  The  lower  the  power  demanded,  the  more  viable  the 

• realization  of  a highly  reliable  power  source. 

• Minimum  power  dissipation  in  the  radar  is  consistent  with  maxi- 
mum reliability.  The  more  internal  heat  generated  by  a com- 
ponent the  higher  the  failure  rate. 
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Z.  All  maintenance  repairs  to  be  completed  with  a 3 hour  site  visit. 

It  will  be  shown  that  these  two  basic  issues  lead  to  a highly  parallel  (redun- 
dant) architecture  at  RF  with  very  graceful  degradation  properties  and  full  remote 
switching  capability  for  non-redundant  sub-system  elements. 

The  concepts  of  highly  parallel  architectures  are  not  new.  What  is  new  is 
the  realization  of  low  cost  air  dielectric  stripline  and  solid-state  RF  power 

generation  at  ultra  high  frequencies.  These  two  technology  advances  have 
led  to  the  cost-effective  realization  of  highly  distributed  phased  array  trans- 
mitter/receiver configurations.  It  will  be  shown  that  with  present  in-hand 
technology,  a highly  parallel  system  and  hardware  architecture  with  very  grace- 
ful degradation  properties  can  be  realized  for  the  Type  A radar.  This  highly 
parallel  architecture  permits  failures  at  the  system  and  hardware  level  to  be 
apportioned  in  range,  azimuth  and  elevation  such  that  the  total  randomized  de- 
tection volume  lost  in  a given  time  interval  never  exceeds  that  resulting  from  an 
equivalent  2 dB  loss  in  transmit  power. 

This  study  assumes  that  for  the  Type  A radar  as  directed  at  the  "tripwire" 
type  operation  of  a contiguous  network  protecting  a boundry  (DEWLINE),  the 
reliability  model  herein  will  be  acceptable  with  minor  variations.  Given  this 
assumption,  the  technological  risks  for  the  Type  A radar  are  relatively  small, 
while  problems  of  demonstrating  system  mean-time-between-failures  an  order  of 
magnitude  greater  than  previously  demanded,  are  within  management  comprehension. 

1.  2 TYPE  A SIF/IFF  KEY  CONSIDERATIONS 

The  IFF  system  for  use  with  unattended  radars  is  also  shown  to  be  readily 
attainable  with  proven  techniques.  Because  of  a proposed  mode  of  on-demand 
IFF  operation  for  Type  A radars  which  requires  IFF  interrogations  only  for  new 
or  dropped  tracks  and  the  predicted  low  aircraft  populations  at  DEW  LINE  sites, 
a 30:1  improvement  in  equipment  failure  rates  over  continuous  operation  has 
been  conservatively  estimated,  greatly  simplifying  IFF  reliability  and  power  con- 
sumption demands. 
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1.3  TYPE  B SYSTEM  KEY  CONSIDERATIONS* 


In  the  case  of  the  Type  13  radar  the  nearly  four-fold  increase  in  detection 
ranqe  creates  power  generation  requirements  that  presently  prohibit  a similar 
architecture  as  for  the  Tyfie  A radar.  This  in  turn,  leads  to  a system  with  less 
graceful  degradation  and  more  cumbersome  redundancy.  The  IFF  for  Type  B 
operation  was  denied  the  advantage  of  low  duty  cycle  operation;  however  unlike 
the  primary  radar  the  very  small  and  compact  nature  of  IFF  hardware  make 
redundancy  at  high  levels  a simple  and  cost-effective  solution  to  meeting  reli- 
ability demands.  The  basic  difference  between  the  Type  A and  B IFF  configura- 
tion is  the  autonomous  electronically  scanned  ring  array  and  the  planar  array 
piKgy^>®cked  on  the  primary  radar  antenna  respectively. 

1.4  BASIC  RELIABILITY  ISSUE 

The  greatest  unknown,  and  therefore  risk  identified  in  the  study  is  the 
acceptability  of  the  reliability  model  assumptions.  These  assumptions  in  turn 
imp>act  the  redundancy  requirements  and  hence  the  cost  and  viability  of  radars 
for  extended  periods  of  unattended  operation. 


'■In  accordance  with  the  Statement-of-Work  directions  the  major  effort  under  this 
study  was  concentrated  on  the  Type  A radar.  Section  3.  0 contains  rationale  for 
the  selection  of  the  preferred  configuration  for  Type  B.  It  has  not  been  possible 
within  the  time  constraints  of  this  study  to  conclude  the  type  of  rigorous  trade- 
offs for  the  selected  Type  B configuration  needed  to  produce  the  same  overall 
cost/performance  visibility  as  for  the  Type  A radar. 
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SECTION  2 

TYPE  A DESIGN  STUDY 


The  study  was  conducted  as  shown  in  Figure  2.  1 - 1 .The  initial  task  was  to 
determine  which  of  the  performance  goals  stated  in  the  contract  statement-of- 
work  should  drive  the  generalized  system  design.  The  rationale  that  developed 
is  shown  in  Figure  2,  1-2.  It  can  be  seen  that  the  two  prime  influences  are  low 
power  consumption  and  3 hour  visit  for  repair. 

2.  1 GENERALIZED  DESIGN  GUIDELINES 

2.  1.  1 PRIMARY  RADAR 

Low  power  consumption  dictated  minimum  losses  particularly  at  RF.  This 
required  all  RF  amplifying  circuits  to  be  mounted  in  close  proximity  to  the  radi- 
ating elements  of  the  antenna.  Need  to  eliminate  friction,  wind  resistance  and 
inertia  determined  an  electronic  scan  in  azimuth.  A basic  guideline  that  the 
antenna  must  be  suitable  for  mounting  on  a 100  ft  tower  to  enable  contiguous 
coverage  at  all  elevations  for  sites  spaced  at  approximately  40  nmi  intervals 
lead  to  the  need  to  constrain  the  radiating  aperture.  The  low  power  requirement 
dictated  maximizing  the  radiating  aperture.  The  antenna  configuration  selected 
for  both  UHF  and  L-Band  is  a 44  ft  diameter  by  7 ft  high  ring  array.  The  limit 
on  the  azimuth  aperture  was  practical  considerations  of  mounting  100  ft  high  in 
180  knot  winds.  The  elevation  aperture  was  determined  by  the  number  of  beams 
needed  to  cover  0 to  40°  degrees  on  the  assumption  the  full  aperture  would  be 
used  for  each  beam.  A 7 ft  high  elevation  aperture  provides  6 beams  at  L-Band 
and  2 at  UHF.  A larger  elevation  aperture  would  give  an  excessive  number  of 
beams  to  be  processed  at  L-Band  and  more  beams  at  UHF  would  take  an  undesir- 
ably large  aperture. 

The  ring  array  was  preferred  over  other  candidates  because  of  the  invariant 
beam  shape  characteristics  over  360°,  The  ring  array  is  the  nearest  electronic 
equivalent  to  a mechanically  rotated  antenna.  The  diameter  was  basically  deter- 
mined by  element  spacing  for  sidelobe  control  coupled  with  judgemental  factors 
on  problems  of  mounting  meaningful  larger  diameters  100  ft  in  the  air.  The 
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44  ft  diameter  contains  Z56  vertical  stacks  of  radiating  elements  at  L-band  and 
1Z8  vertical  stacks  at  UHF.  Frequencies  above  L-band  were  eliminated  because: 

• Higher  clutter  backscatter  for  equivalent  beamwidth 

• Higher  fluctuation  losses/reduced  signal  processing  gain  for 
reduced  beamwidths 

• Higher  insertion  losses  from  microwave  devices 

• Reduced  power  generation  efficiency  from  microwave  transistors 

The  resulting  reduction  in-power/aperture  efficiency  and  increased  clutter 
suppression  problems  was  considered  undesirable  for  a minimum  power  un- 
attended radar. 

Frequencies  below  UHF  (450  MHz)  were  not  considered  because  of  excessive 
azimuth  beamwidth  from  a ~ 50  ft  diameter  ring  array  and  excessive  elevation 
aperture  to  permit  a minimum  of  two  elevation  beams.  This  latter  configuration 
is  desirable  to  minimize  the  impact  of  STC  required  at  low  elevation  angles  on 
high  angle  close-in  coverage. 

The  other  prime  influence  over  the  generalized  system  design  was  deter- 
mined to  be  the  3 hour  limit  place  on  a site  repair  visit.  This  limit  was  judged 
to  be  reasonable  if  problems  of  visiting  an  unattended  site  in  the  Arctic  up  to  200 
miles  from  a base  are  considered. 

The  need  was  obvious  that  the  failures  that  had  occurred  at  an  unattended 
site  must  be  known  with  high  confidence  before  a repair  visit  is  made.  This 
failure  must  also  be  known  to  the  field  replacement  unit  (FRU)  since  simple 
replacement  is  the  only  action  realistic  at  an  unattended  site  in  mid-winter. 

An  extensive  status  monitoring  (BITE)  system  was  needed  with  remote 
readout  at  manned  bases.  Once  the  need  for  extensive  BITE  was  established 
a tool  was  available  for  remote  manual  switching  of  spares  for  failed  non- 
redundant  units.  This  served  the  dual  purpose  of  minimizing  power  consumption 
and  eliminating  critical  self  diagnosis/self  repair  systems.  The  generalized 
system  building  blocks  are  shown  in  Figure  2.  1.  1-1. 
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Figure  2.  1.  1-1.  Generalized  System  Building  Blocks 


2.1.2  SIF/IFF 


The  generalized  system  design  guidelines  for  the  SIF/IFF  emerged  from 
similar  philosophies  as  for  the  primary  radar.  The  basic  difference  being  the 
ground  rule  that  the  SIF/IFF  would  only  issue  a challenge  for  new  or  dropped 
tracks.  This  philosophy  was  judged  to  be  consistent  with  the  role  of  an  early 
warning  network  wherein  if  the  primary  radar  cannot  detect  a target  SIF/IFF 
would  be  of  little  use. 

The  need  for  an  electronic  azimuth  scan  follows  the  same  rationale  as 
for  the  radar,  the  only  options  were  whether  the  SIF/IFF  antenna  should  be 
integrated  with  or  autonomous  from  the  primary  radar.  This  question  was 
resolved  in  favor  of  an  autonomous  system  since  power  budgets  for  the  co- 
operative SIF/IFF  did  not  require  the  use  of  aperture  in  the  same  manner  as 
the  primary  radar.  In  particular, a single  shaped  beam  covering  0®  to  50°  was 
readily  acceptable  while  the  only  real  constraint  on  azimuth  beamwidth  was 
resolution  criteria.  These  considerations  lead  to  a 13  ft  diameter  by  15  inches 
high  ring  array.  The  basic  azimuth  beamwidth  from  the  antenna  is  approximately 
7®,  however  by  using  beam -slia ping  techniques  possible  with  co-operative 
systems,  the  effective  azimuth  resolution  is  3.5°.  Thus  meeting  the  intent 
of  the  goals  set  by  the  contract  specifications.  The  same  power  budget  con- 
siderations which  permitted  use  of  13*  x 1.25*  ring  array  also  eliminated  the 
need  for  mounting  the  RF  amplifying  circuits  at  each  radiating  stack.  It  cannot 

be  over  emphasized  that  co-operative  nature  of  the  SIF/IFF  detection  process 
2 

(1/R  ) and  the  very  low  duty  cycle  of  operation  proposed  for  the  Type  A system 
make  the  realization  of  SIF/IFF  unattended  operation  a very  different  problem 
than  for  the  primary  radars. 

Having  established  the  basic  rationale  for  the  hardware  autonomy  of  the 
biF/IFF  and  the  differences  in  the  problem  of  unattended  operation,  the  remainder 
of  the  study  did  not  attempt  to  draw  p>arallels  between  the  primary  radar  and  the 
SIF/IFF  configurations. 


l.L  PRIMARY  RADAR  SYSTEM  DP:SIGN 


2.Z.  1 GENER_ALIZED  SYSTEM  BLOCK  DIAGRAM 

The  basic  system  architecture  options  evolved  primarily  from  mininuitr' 
prime  power  considerations,  the  remaining  key  performance  requirements  for 
Type  A operation  were  classified  as  shown  in  Figure  2.  2.  1-1. 

Using  the  above  guidelines  a generalized  system  block  diagram  as  shown 
in  Figure  2.2.  1-2  was  developed. 

The  44  ft  diameter  by  7 ft  high  ring  array  contains  2 56  stacks  of  radiating 
elements  at  L-band  and  128  at  UHF.  The  stacks  are  constructed  of  an  etched 
teflon-glass  substrate  supported  between  two  ground  planes  by  a nylon  honey- 
comb. Each  stack  contains  an  integral  elevation  network  which  is  excited  by  a 
transmit/receive  solid-state  module  (TRSSM).  The  TRSSM  is  coupled  to  the 
azimuth  steering  network,  an  array  of  switches  which  control  the  input /outfi  t 
signals  to  of  a circular  dielectric  lens.  The  lens  was  selected  as  the  basic  signal 
phasing  medium  because  of  the  highly  reliable  nature  of  this  passive  element 
coupled  with  proven  performance  in  other  Raytheon  systems.  A single  rec»  p-.-r/ 
exciter  subsystem  is  used,  however,  the  receiver  may  have  from  one  to  siv 
channels  as  shown  in  Table  2.  2.  2-1,  Coherent  pulsed  doppler  processing  wa «: 
selected  because  of  superior  false  alarm  control  and  ability  to  achieve  full  lotnme 
subweather  visibility  and  protection  against  chaff.  The  signal/data  proces-’or 
is  a highly  parallel  system  designed  around  a "common  element",  i.  e.  , a piraMt  ' 
microprocessor  architecture  that  handles  a subset  of  the  total  processing  task*'-  r>ti 
a nea rly-indepenrlent  basis. 

The  generalized  system  block  diagram  establishes  a basic  set  of  par.mi 
eters  as  shown  in  Table  2.2.  1-1  which  remain  constant  for  any  specific  UHr  oi 
L-Band  configuration. 


Table  2.  2.  1-1 


Array  Diameter 

44  ft. 

Array  Height 

7 ft. 

Maximum  Range 

60  NM 

Receiver  Noise  Figure 

1.  4 dB 

2-7 


Q 

lij 


UJ  ^ 


a. 

m 

IT) 

< 


r) 

5 


w 

o 

< 

> 

o 

u 

w 

Q 

D 

H 

I— I 

H 

-1 

< 

D 

W 

U 

D 

Q 

W 

oj 


03 

< 


u 

u 

< 

UJ 

CD 

>- 


3 

□£ 

z 

o 

t— 


z 

ULI 

C3£ 


3 

s 

Nl 

< 

z 

o 2 Q 


a. 

oo 

< 


y 


^ Q to  5 5 to 

^ ^ _ to  o O 

+ I I 4 < to  OO  < 


UJ 

_l 

CD 

to 

to 

o 

C3. 

to 

< 

UJ 

to 

o 

U 

to 

< 


< 

o 

o 


z 

o 

u 


^4- 

80 


rs 

Qc:  >0 


1“ 

Zo 


8^ 

^ o 

** 

a:  ^ 

Z o 

o 

CO 


to 

z 

< 

U 

1>0 

s 

z 


r-  _ — Q 


to 

O' 


o 

z 


(N 


y 


u 

to  UJ 

'O 

4 I — 'ct 


N 

< N 

0 O 

_ CO 

cc  ^ 

1 i 

CM  lo 
• • 

o o 


> 

< 

JZ 

CD 

T3 

s 


z 

o 

5 

CM 

to 

z ^ 

5 < 

. 8 

CO  to 


z 

g 

y 

LLI 

Q 


Z E 

>-  O to  $ 

y i=  a o 

« 3 o 

^ r3  ^ 


U a 9 

< « to 


^ gf 


tf) 

4-> 

C 

a> 

g 

a; 

Wt 

*5 

cr 

4^ 

cd 

>• 

<L' 

< 

a; 

a 

>- 

H 


rvi 

rJ 

0; 

ti 

:3 

••iri 

U< 


-J 


# 


2-8 


RING  ARRAYS 


Genera. ized  Tvdo  A Radar 


Table  Z.  2.  1-1  (Cont) 


Peajii  P'orniiriK: 

Sampling 
Spectral  Analysis 
Frequency  Agility 

Average  PRF 


R-2R*  azimuth  lens  followed  by 
elevation  network 
0.  8 of  pulsewidth 

8 pulse  batch  coherent  processing 
4 batches  (UFIF) 

2 batches  (L-band) 

1150 


A physical  view  of  the  system  is  shown  in  Figure  2.  2.  1-3.  The  radar  and 
IFF  are  housed  in  a structure  atop  a tower.  The  tower  height  is  anticipated  to 
be  loo  ft  at  most  sites  to  meet  an  assumed  requirement  that  a target  at  altitudes 
100-200  ft  must  be  detectable  with  40  nmi  separation  between  radars. 

2.2.2  BASIC  SYSTEM  PARAMETER  VARIANTS 
a)  Scan  Structu  re 

Using  the  generalized  sy.stem  design  guidelines  a basic  set  of  UHF  and 
L-Band  system  architectures  were  conceived  with  the  independent  variable 
parameter  the  scan  structure  of  the  radar.  Three  types  of  scan  structure  were 
developed: 

• Single  Frame 

• Split  Frame 

• Fence 


The  single  frame  and  split  frame  transmission/receive  pattern  is  shown  in 
F igure  2.  2.  2-1  for  L-Band  and  basically  considers  an  upper  set  and  lower  set 
of  three  beams  instrumented  to  60  nmi.  Transmission  is  accomplished  by 
sef|uentially  addressing  each  beam  position.  This  permits  the  full  aperture  of 
the  antenna  to  be  used  at  all  evelaticjn  angles.  The  selected  antenna  elevation 
aperture  requires  6 beams  to  be  formed  at  L-Band  and  2 at  UHF.  The  basic 
difference  between  the  single  and  split  frame  scan  is  that  with  single  frame  each 


The  theory  of  the  R-2R  lens  is  described  in  Section  2.  3.  3.  The  name  is 
derived  from  the  fact  that  for  a lens  of  radius  R,  the  array  has  a radius  2R. 
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FiRure  2,2.  1-3.  Type  A Radar  Configuration 


2-11 


hi'iim  position  is  addressed  each  scan  while  for  the  split  frame  the  upper  and 
lower  set  of  3 beams  are  addressed  sequentially.  The  dependent  variables  •'! 
these  two  scan  structures  are: 

• P'rame  Time 

• Number  of  receivers  per  total  complement  of  beams 

The  Fence  type  of  scan  structure  is  intended  to  minimize  the  number  of  receivers 
required  by  prograinming  the  detection  volume  so  that  one  or  two  receivers  are 
time  shared  between  a set  of  beams.  The  net  result  is  that  a detection  fence  is 
established.  Figure  2.Z.2-Z  shows  the  relative  timing  of  transmission  and 
reception  for  each  beam  at  L-band. 

From  the  above  basic  variables  the  following  candidates  emerged: 


Table  2.  2.  2-1 


Scan 

No 

No 

F rame 

Freq 

Type 

Beams 

Receivers 

Time  (Secs) 

L 

Split 

6 

3 

7.  2 

L 

Single 

6 

6 

3.  6 

L 

Single 

6 

3 

7.  2 

L 

F once 

6 

2 

3.  4 

L 

Fence 

6 

1 

b.  8 

UHF 

Split 

2 

1 

7.  2 

UlIF 

Single 

2 

2 

3.  (, 

UllF 

Single 

2 

1 

7.  2 

UHF 

Single 

1 

1 

3.  6 

UHF 

Fence 

2 

1 

3.  6 

b)  Transmitter  Configurations 

The  transmitter  pulse  length  is  another  variable  with  significant  impact. 
As  stated  previously  each  beam  is  sequentially  addressed  by  the  transmitter 
module.  A basic  pulse  width  per  beam  of  6 microseconds  was  assumed.  Rarir» 
gate  width  is  80%  of  the  pulse  width  to  achieve  some  oversampling.  Howevi  r, 
based  on  emperical  data  from  Lincoln  l^abs  experiment  with  the  moving  target 
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Figure  2.  2.  2-2.  Fence/ Tracker  Configuration 


clcli-c  tor  (MTD)  it  may  bf  desirable  to  rc-duce  transniitt*T  puls*-  li-nuths  to  1.  ^ 
mit  rosi-conds  at  I, -band.  This  paramoter  is  one  ot  the  most  si^’nificant  dii'.  i- 
i-nccs  bftwcon  IIHF  and  l.-band.  At  I.-band  it  is  estimated  that  for  a consi.n* 
10"*’  Pf  tile  si^snal  processor  CFAR  threshold  must  be  10  dB  higher  if  only  < 
as  opposed  to  1 5 samples  of  weather  data  are  available.  The  question  as  to  how 
many  samples  are  available  is  a function  of  the  size  of  the  weather  cell  an'i  < l-e 
transmitter  pulse  length.  If  weather  cells  are  approximately  1 NMI  in  depth  a 
f>  microsecond  pulse  would  require  a 10  dB  increase  in  CFAR  threshold  as  appos 
to  a 1.5  microsecond  pulse.  The  prime  impact  of  the  smaller  pulse  width  is  thi 
cost  of  the  signal  processor  which  must  now  accommodate  a four-fold  increase 
in  range/azimuth  cells  to  be  processed.  The  present  experimentation  being 
carried  out  on  the  FPS-20  search  radar  should  define  the  advantages  of  1.  5 ’ « 

()  microsecond  radar  pulses  at  L-band.  In  order  to  evaluate  tlie  cost  impact  of 
1.  5 vs  (>  microsecond  pulses  both  pulse  lengths  will  be  evaluated  for  eacli  T,-I>.un 
system  configuration.  At  UHF  6 microsecond  pulses  are  satisfactory  due  to 
much  reduced  backscatter  from  weather. 

Although  minimum  prime  power  considerations  dictate  a TRSSM  for  ea«h 
radiating  stack  (256  L-band,  128  UHF)  the  azimuth  beam  steering  network  'vill 
permit  this  number  to  be  reduced  by  one  fourth  if  the  modules  are  located  hetnnd 

a quadrant  switch.  In  this  case  a set  of  64  modules  is  "walked”  around  the  256 
stacks  under  the  control  of  the  switching  network.  The  trade-off  here  is  rn<5f  of 
TRSSM's  vs  higher  power  to  overcome  increased  insertion  losses  ( ^ 3 dB  two 
way  at  L-band).  A secondary  consideration  here  is  the  reduced  graceful  d(  g- 
radation  properties  of  the  RF  subsystem  particularly  for  unattended  periods  of 
12  months. 

c)  System  Parameter  Summary 

Other  variations  possible  in  system  parameters  are.  Frame  time,  d 
tection  rule,  and  track  initiation  time.  Frame  time  basically  trades  hardware 
for  data  rate,  A 2 out  of  3 detection  rule  can  save  about  0.  4 dB  in  power  ( om- 
pa  red  to  3 out  of  4 but  results  in  less  time  to  uncover  blind  speeds,  resolve 
velocity  ambiguity  and  reject  multiple  time  around  targets.  Track  initiatii-n 
time  is  the  dependent  variable  and  is  determined  by  the  detection  rule  and  scan 
structure. 
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As  c.in  h*>  seen  1 roni  the  previous  paragraphs  a wide  range  of  implementa- 
tion of  the  generalized  system  block  diagram  are  possible.  Table  2.  2,  2-2  sum- 
marizes 72  candidate  system  configurations.  The  next  step  was  to  select  a set 
of  parameters  and  establish  a baseline  design.  This  baseline  was  developed  and 
costed  in  great  detail. 

The  assumptions  were  that  (1)  the  baseline  is  one  of  the  more  attractive 
alternatives,  (2)  contains  essentially  similar  subsystems  as  in  most  other 
candidates,  and  (3)  subsystem  design  and  cost  can  be  extended  to  other  candidates 
designs  by  simple  extrapolation. 

2.2.  i nASELINE  SYSTEM  DESCRIPTION 

The  selected  baseline  is  an  L-Band  split-frame  system  with  6 beams, 

3 lens  and  receiver  channels.  The  pulse  width  is  6 microseconds  and  the 
TRSSM's  are  located  at  the  radiating  stack.  The  baseline  design  parameters 
are  shown  in  Table  2.2.  3-1.  The  split-frame  type  of  scan  is  generated  by 
searching  the>  lower  three  beams  on  one  azimuth  scan  and  then  the  upper  three 
beams  on  the  next  scan.  An  intermediate  search  alarm  is  made  on  the  basis 
of  one  sc.an  detection.  Subsequent  searches  at  this  azimuth  are  made  at  the 
same  elevation  (high-low)  for  three  more  scans  to  satisfy  the  track  initiation 
requirement.  On  one  group  of  three  beams,  the  transmitted  pulse  is  "machine- 
gunned",  i.  e.  , different  segments  of  the  total  pulse  are  rapidly  switched  into 
different  beams.  Reception  occurs  simultaneously  on  all  three  beams. 

The  Baseline  System  block  diagram  is  shown  in  Figure  2.  2.  3-1.  Top 
level  details  for  each  subsystem  are  shown  and  the  major  interfaces  are  defined. 
The  general  definition  of  the  subsystems  are  summarized  in  the  paragraphs 
bel  ')w . 

a)  Antenna  Subsystem 

Figure  2.2.  3-2  shows  the  concept  for  one  of  the  radiating  stacks.  Each 
stack  contains  20  radiating  elements.  Integrated  into  the  stripline  forming  the 
stack  are: 

• Radiation  elements 

• Elevation  feed  network 

• RE  connections 

• BITE  pilot  pulse  input  network 
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Table  Z.Z.i-Z  (Continued)  Type  A Alternative  System  Configurations. 
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71-72  Same  as  65  - 66  3 1.5  Q.SW.  3/4  32  800  oOO  3.6  14.4  P* /pos.  trade 


The  purpose  of  the  pilot  pulse  network  is  to  inject  a pulse  into  each  beam  re- 
ceiving channel  to  constantly  monitor  system  operation. 

Table  Z.  2.  3-1 

Baseline  System  Specification 


F requency 
Scan  Structure 
Polarization 
Azimuth  Coverage 
Elevation  Coverage 
Antenna  Description 
Dimensions 
Azimuth  Beamwidth 
Elevation  Beamwidth 
Number  of  TRSSM's 
TRSSM  Peak  Power 
Average  PRF 
Pulsewidth 

Number  of  Azimuth  Lenses 
Number  of  Receive  Channels 
Receiver  Noise  Figure 
F rame  Time 
Track  Initiation  Time 


1200  - 1400  MHz 
Spill  Frame 
Vertical  , 

360'^ 

0°  - 46'^ 

Ring  Array 
44'  Diam.  7'  Ht 
1.4° 

6° 

256 

40  watts 
1150  Hz 
6 us 

3 

3 

1.  4 dB 
7.  2 Sec 
16. 0 Sec 


b)  Transmit/Receive  Solid-State  Modules  (TRSSM) 


The  baseline  TRSSM  is  located  at  the  radiating  stack  and  contains  1 tra.-’s- 
mitter  and  3 receiver  modules.  The  low  power  requirement  that  dictated  the 
location  of  TRSSM  also  forces  use  of  class  C final  amplifier  operation  for  effi- 
cient amplification.  This  creates  some  difficulty  in  achieving  low  transmit 
sidelobes  as  the  illumination  function  to  the  antenna  is  essentially  uniform.  The 
Baseline  TRSSM  has  a peak  power  output  of  40  watts  at  L-band.  Three  separate 
receive  channels  are  provided  with  a 1,  4 dB  noise  figure. 
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Implementation  of  a controllable  taper  within  the  TRSSM  to  achieve  bw 
antenna  sidelobes  on  receive  was  considered  as  a side  variable.  The  comr.t-’  ii\ 
of  implementing  such  a controllable  precise  taper  into  each  module  prov»'d  tn  hs 
<iuite  expensive.  As  the  primary  purpose  of  low  sidelobes,  in  what  is  esseuii  ||v 
a trip-wire,  air  defense  system  function,  is  to  protect  against  ECM  degra-b  t'on, 
it  was  decided  to  include  the  taper  design  option  into  a baseline  variant  configured 
for  ECCM. 

Three  azimuth  steering  lens  inputs  drive  the  transmitter  portion  and  com 
plete  the  receive  paths.  The  three  lenses  are  focused  to  cover  beams  1 and  ?, 

3 and  4,  and  5 and  6.  Three  separate  frequencies  are  used  (fj,  f^,  and  f^)  to 
maximize  isolation  between  adjacent  beams  and  provide  some  additional  frequency 
agility  fill-in  between  beams. 

On  one  half-frame  (one  scan  around  covering  one  half  of  the  elevation), 
beams  1,  L,  and  3 are  radiated  with  frequencies  fj,  f^,  and  f^,  respectiveU  . 

On  the  succeeding  half  frame,  beams  4,  5 and  6 are  radiated  with  fj,  f^,  and 


Beams  1 and  i.  inputs  are  handled  by  one  lens  and  are  separable  by  rr'e.'ms 
of  time  on  transmit  and  frequency  on  receive.  This  separation  is  made  clearer 
by  the  sketch  shown  in  Figure  2.2.  3-3  for  the  transmission  and  reception  <'n  *hp 
lower  3 beams.  The  T/R  switch  and  1:3  elevation  switch  in  the  TRSSM,  roM*e 
the  three  subpulses  through  a common  amplifier  chain  and  then  into  the  appn-- 
priate  three  output  duplexers.  A 1:2  switch  provides  High-Low  elevation 
switching  on  a scan-by-scan  basis. 

The  receiver  front-ends  employ  a low  noise  figure  (1.4  dB)  preamplifier 
and  a bandpass  filter.  Each  receiver  front  end  would  be  designed  to  cover  one 
third  of  the  band  (a?- 50  MHz).  Frequency  agility  would  occur  within  each  b.'ui 
such  that  one  frequency  from  each  band  is  always  used.  This  assumes  that 
MHz  frequency  separation  is  sufficient  to  achieve  independent  sampling  on  .air- 
craft size  targets.  The  receiver  front  end  outputs  are  then  routed  to  the  apfiro 
priate  lens  for  summing  into  one  output  per  beam.  The  T/R  switch  must 
effectively  sum  two  of  the  received  signals  as,  for  example,  beams  1 ami  2 share 
common  lens.  Signal -to-noise  degradation  does  not  occur  as  the  two  sign.als 
are  effectively  diplexed. 
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f igure  I,  Z.  3-2  Antenna  Radiating  Stack 
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Figure  Z,  2.  3-3  Ream  Separation 
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The  TRSSM's  also  receive  control  signals  from  the  azimuth  steering 
subsystem  which  turns  each  module  off  when  not  in  use  to  conserve  power.  t h'- 
on-off  command  is  also  used  to  drive  internal  TRSSM  logic  to  determine  position 
in  the  active  scan  cycle  in  order  to  determine  the  correct  receiver  taper  attenu- 
ation to  insert. 

c)  Azimuth  Stee ring 

Three  R-ZR  lens  are  employed  for  the  Baseline  Azimuth  Steering  sub- 
system. One  lens  is  used  for  two  adjacent  beams  (1  and  2,  3 and  4,  S and  6). 

The  lens  efficiently  takes  one  of  2S6  different  inputs  and  distributes  the  energy 
with  correct  phasing  to  64  different  outputs.  The  lens  itself  has  128  equally 
spaced  ports  around  the  circumference.  By  injecting  a signal  at  one  port  a cor- 
rectly phased  wavefront  can  be  picked  off  the  64  ports  which  cover  a 180°  at-' 
directly  opposite  the  input  port.  Quadrant  switches  (part  of  the  T/T/Q  module 
in  Figure  2,  2.  3-1)  are  employed  to  further  distribute  these  64  active  outputs  ♦o 
64  out  of  256  possible  antenna  elements.  Because  a 180°  arc  of  the  lens  feeds  a 
90°  arc  of  the  antenna  array,  it  is  necessary  to  complete  2 scans  of  the  lens  for 
one  scan  of  the  antenna.  For  this  purpose  a transfer  switch  is  incorporated  in 
the  switching  matrix  to  sequentially  connnect  diametrically  opposed  antenna  ele- 
ments to  each  lens  port.  The  number  of  beam  positions  is  doubled  by  dividing 
energy  equally  between  adjacent  input  ports  to  achieve  mid-beam  positions.  Th’s 
redcices  the  effect  of  the  azimuth  cross-over  nulls. 

Various  numbers  of  lenses  were  considered  as  alternatives  (6  and  3 at 
L-band  and  2 and  1 at  UMF).  The  larger  number  of  lenses  (one  per  beam)  rr^duces 
defocussing  loss  at  higher  elevation  angles  at  the  cost  of  more  hardware. 

d)  Receiver/  Exciter 

The  Baseline  system  employs  a single  exciter  with  three  STALO's  to 
generate  the  separate  Irequencies  used  on  each  beam.  Each  STALO  is  caivhle 
of  generating  two  frequencies  for  frequency  diversity.  The  transmitter  drive 
pulse  is  achieved  by  sequentially  switching  each  STALO  into  a mixer  at  the 
appropriate  time  to  form  the  three  frequency  triplet  pulse.  A portion  of  tlie 
Exciter  signal  is  gated  to  form  the  BITE  pilot  pulse  which  is  then  phase  sliifted 
in  a one-bit  phase  shifter  to  form  a PRF/2  doppler  offset  and  distributed  to  all 
256  antenna  unit.^.  Three  sejiarate  dual  conversion,  coherent  detection,  re  ••ivei 
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. hatmt  ls  are  used.  Dual  conversion  was  selected  to  allow  the-  first  IF  to  be  at  a 
bi>;h  frequency  as  an  ECCM  aid.  The  A/D  converters  (in-phase  and  quadrature) 
are  packaged  with  each  channel. 

Alternatives  at  L-band  are  for  1,  2,  3 and  6 receiver  channels.  At  UHF, 
a sintjle  conversion  system  was  examined  with  1 and  2 receiver  channels  and  an 
exciter  witti  two  STALO's. 

e)  Sign.tl/Data  Processor 

The  processor  concept  has  a parallel  architecture  using  multiple  "common 
elements  (CE)".  A common  element  is  a self  contained  microprocessor  con- 
sisting of  an  arithmetic  logic  unit  (ALU),  program  memory  and  data  memories. 

A top  level  block  diagram  of  the  processor  or  is  shown  in  Figure  2.  2.  3-4. 
The  digitized  inputs  from  the  receiver  channels  are  distributed  directly  to  the 
signal  processing  CE's  by  means  of  the  input  bus.  CFAR  data  is  transferred 
between  signal  processing  CE's  via  the  data  processing  bus  wliich  also  serves 
to  route  signal  processing  alarms  to  the  data  processor  and  provide  control 
signals  to  the  radar  processor.  The  data  processor  also  consists  of  a number 
of  CF.'s  with  some  minor  differences  to  optimize  the  CE  for  data  processing 
functions.  Interfaces  with  the  IFF,  BITE  processor  and  communication  system 
are  made  via  the  interface  bus. 

Six  CE's  are  used  in  the  Baseline  System  to  process  approximately  75 
range  gates  each.  The  functions  performed  are: 

• Double  buffer  input 

• Spectral  analysis 

• Magnitude 

• Weighting 

• Sliding  (H)  gate)  range  average 

• Clutter  map 

• Interference  detector 

• ECM  strobe  detection 
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Spa  ro  signal  procossing  CE's  can  be  switched  in  by  an  address  change 
conxniand  fronx  the  configuration  controller. 

Two  CE's  are  used  for  the  data  processing  to  perform  the  functions: 

• Command  same-elevation  (High/Low)  for  detected  target  azimuth 
on  next  three  scans 

• Multiple  time  around  rejection 

• Velocity  ambiguity  resolution 

• Uncover  blind  speeds  (accomplished  by  F>RF  stagger  between  batches) 

• Track  initiation  (3/4  correlation) 

• Track 

• Target  designation  and  interface  to  IFF 

• Interface  with  communication  channel 

• Interface  with  BITE  processor 

The  processor  alternatives  considered  are  in  the  number  of  CE's  required 
to  process  the  number  range  gates  dictated  by  the  system  configuration.  The 
Baseline  processor  has  6 signal  processor  CE's,  2 data  processor  CE's  and  2 
spare  CE's.  If  the  pulsewidth  is  reduced  to  1.  5 usee  versus  the  6 usec  assumed 
for  the  Baseline,  then  the  number  of  signal  processor  CE's  increases  by  a factor 
of  4.  It  also  varies  directly  as  the  number  of  required  receiver  channels. 

The  synchronizer  provides  triggers  and  control  signals  as  follows: 

• To  exciter; 

- Trigger  triplet  plus  bite  pulse  trigger 

- Frequency  select  (set  1 or  set  2 alternately  with  batches) 

- BITE  test  select  - switches  pilot  pulse  into  receiver  front- 
end  or  directly  into  receiver  channel  input. 

• o azimuth  steering 

- Clock 

- North  sync  pulse 

• From  receiver 

- Clock(8) 
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• From  BITE 


I 

- RITE  test  changes 

• P'rom  data  processor  CE 

- High/ Low  elevation  switch  command 

• To  TRSSM 

- High/ Low  elevation  switch  command 

, - Elevation  beam  switching  pre-trigger  and  BITE  gate 

switching  pre-trigger 

• Ri-i- onl'igii  r spare  Idtll’s 

, - Driver  TRSSM 's 

- Receiver  channels 

- Exciter 

f)  Built-in  Test  Equipment  (B.  I.  T.  E.  ) 

As  can  be  seen  from  Figure  2,  1-2  the  BITE  concept  is  driven  by  the  need  for 
a 3 hour  repair  visit.  This  requires  apriori  knowledged  at  a permanently  manned 
^ site  which  field  replaceable  units  (FRU's)  has  failed.  Given  the  availability  of 

this  failure  data  at  the  manned  sites  and  the  technological  risk  of  designing  a 
self-diagnosis /self  repair  fault  correcting  system  the  concept  of  manual  recon- 
figuration of  failed  non-reduiwlant  (inherently)  subsystems  has  been  selected. 

This  permits  human  judgement  to  enter  the  failure  modes  analysis  problem  fiosed 
by  identified  failure  readouts. 

The  BITE  system  utilizes  the  following  tests: 

TRSSM  power  monitor 

Pilot  pulse^  injection  at  antenna  element 

♦ BITE  pilot  pulse  is  10  range  gates  long. 

Pilot  pulse  injection  at  receiver  first  mixer  input 
Digital  test  input  into  signal  processor  input  bus. 

t 

Test  (1)  samples  the  final  amplifier  bias  current  to  determine  that  radia- 
tion occurred  at  the  appropriate  times.  The  pattern  of  failures  detected,  when 
analyzed,  is  sufficient  to  determine  - 
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• Exciter  failure 

• A/.imuth  steering  failure  (down  to  LRU) 

• TRSSM  failure  in  Xmtr  chain 

Test  (2)  when  performed,  for  two  cycles  with  and  without  inputs  tests: 

• Receiver  front-ends 

• Receivt?r  channels  and  diplexer  TRSSM's 

• Signal  processor 

Tests  (3)  and  (4)  are  ordered  when  (2)  uncovers  a problem  to  isolate 
between  receiver  and  processor. 

All  CF.'s  perform  the  RITE  pilot  pulse  processing  and  report  the  result 
in  order  to  isolate  to  failed  CE  level. 

The  BITE  processor  has  an  independent  control  system  which  interfaces 
with  all  TRSSM's  and: 

• Addresses  TRSSM 

• Senses  GO/NO  GO  on  power  monitor 

• Switch  all  but  one  TRSSM  off  during  pilot  pulse. 

A list  of  field  replaceable  units  (FRU)  is  shown  as  Table  2.  2.  3-2.  The 
BITE  system  isolates  failures  down  to  the  FRU  level  and  reports  the  FRU  failure 
anfl  type  to  the  attended  Logistic  Node  for  Maintenance  action.  Upon  detection  of 
a failed  FRU  for  which  an  unused  spare  exists,  the  BITE  processor  will  identify 
that  the  spare  should  be  switched  in.  This  will  be  implemented  by  manual  con- 
trol at  the  permanently  manned  site. 

g)  Tower /She  Iter 

An  outline  drawing  of  the  tower  / shelter  design  is  shown  as  Figure  2.  2.  3-5  . 
The  radar/IFF  shelter  is  depicted  atop  a 100  foot  tower.  The  radar/IFF  shelter 
is  a self-supporting  steel  building  with  radome  curtain  walls  for  the  radar  (lower) 
and  IFF'  array.  The  tower  would  be  produced  in  equal  twenty-five  foot  high 
sections  and  could  then  be  assembled  in  heights  ranging  from  twenty-five  to 
one  hundred  feet.  A minimum  height  of  twenty-five  feet  is  recommended  to 
accommodate  the  life  support  building  and  to  allow  for  snow  buildup.  An  enclosed 
stairwell  is  recommended  for  easy  access  under  all  weather  conditions.  Sug- 
gested positioning  of  the  communication  antennas  are  shown. 
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Table  2.  Z.  3-Z 

Field  Keplaceable  Units  (FRU's) 


LRU  No.  =:• 


1.  Antenna  Element  256 

(includes  antenna  stack,  bootlace  lens, 

1;6  power  divider  and  cables). 

2.  TRSSM  256 

3.  Terminating/Transfer/Quadrant  Switches  64 

4.  Input  Switch  Dividers  (2nd  Tier)  24 

5.  Input  Switch  Dividers  (1st  Tier)  3 

6.  Driver  TRSSM  3 

7.  Receiver  Channel  3 

8.  Exciter  1 

9.  Signal  Processor  CE  6 

10.  Data  Processor  CE  2 

11.  Synchronizer  1 

12.  Other  Signal  Proc.  LRU's  <w3 

13.  BITE  Processor  1 

14.  Pilot  l*ulse  Divider  Network 

1 5.  IFF  «6 


Excluding  Standby  Spares 


t 

t 


i 


IFF  RADOMF 


RADAR  RADOME 


BALCONY 


6'  DISH  ANTENNA 
(2)  REQD 


WALK  WAY  FOR 
DISH  ANTENNA 


ENCLOSED  STAIRWELL 
WITH  HOIST  SHAFT 


CONCRETE  PADS 


I II  III 


A list  of  radar/sitc  intt'rface  criteria  for  the  baseline  system  is  Riven  in 
Table  2.  2.  3-3. 


Table  2. 2. 3-3 

Radar/Site  Interface  Criteria 


W eight 


Radar  System 

20 

IFF  System 

1 

Radome  and  Structure 

75 

Tower /Stairway 

155 

251  K Lbs 

2.2.4  SUBSYSTEM  DESIGN  VARIATIONS 

The  variations  in  design  by  subsystem  are  summarized  in  Table  2.  2.  4- I. 
Although  72  system  configurations  have  been  identified,  it  can  be  seen  that  sub- 
system perturbations  are  few  in  number. 

The  change  to  the  Baseline  block  diagram  of  Figure  2.2.  3-1  to  bring  the 
TRSSM  back  behind  the  quadrant  switch  is  shown  in  Figure  2.  2.  4-1. 

The  top  level  system  block  diagram  for  U HF  is  shown  in  Figure  2.  2.  4-2 
for  a single  lens,  split-frame,  TRSSM  at  antenna  configuration. 

The  changes  to  the  TRSSM  to  achieve  various  numbers  of  channel  cap- 
ability are  described  in  Section  2.  3.  2. 
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Table  2.  2.4-1 
Subsystem  Alternatives 


ANTENNA 

TRSSM 

Freq 

1)  L- band/ 3 beam 

2)  L-band/6  beam 

3)  UHF/1  beam 

4)  UHF/2  beam 

Location 

No.  Kevrs 

^T 

Total 

Pulsewidth 

• 

1) 

L 

Antenna 

3 

40W 

18  us 

2) 

L 

Antenna 

6 

40W 

36 

3) 

L 

Antenna 

3 

160 

4.  5 

4) 

L 

Antenna 

6 

160 

9 

*5) 

L 

Quadrant 

3 

80 

18 

Switch 

(^) 

L 

Quadrant 

6 

80 

36 

Switch 

7) 

L 

Quadrant 

3 

320 

4.  5 

Switch 

8) 

L 

Quadrant 

6 

320 

9 

Switch 

9) 

UHF 

Antenna 

1 

150 

6 us 

10) 

UHF 

Antenna 

2 

150 

12 

11) 

UHF 

Antenna 

1 

600 

1.  5 

12) 

UHF 

Antenna 

2 

600 

3 

13) 

UHF 

Quadrant 

1 

200 

6 

t 

Switch 

14) 

UHF 

Quadrant 

2 

200 

12 

Switch 

4 

15) 

UHF 

Quadrant 

1 

800 

1.  5 

Switch 

16) 

UHF 

Quadrant 

2 

800 

3 

Switch 
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Table  Z.2.  4-1.  (Cont) 


C.  AZIMUTH  STEERING 

L-band/TRSSM  at  antenna 
I.-band/TRSSM  at  Quadrant  switch 
UHF/TRSSM  at  antenna 
UHF/TRSSM  at  Quadrant  switch 

O.  RECEIVER/EXCITER 

L-band/3  channel 
L-band/6  channel 
UHF/1  channel 
UHF/2  channel 

E.  SIGNAL  PROCESSOR 

Common  Element  Design  (one  configuration) 

F.  BITE/MAINTENANCE 

FRU  Failure  reporting  i 

Repair  on  demand  j configuration 

G.  POWER  DISTRIBUTION 

Assumes  that  DC  voltages  (regulated)  are  GFE. 
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Fig'ire  2.  2.4-2.  UHF  Piseline  Block  Diaeram 


2.  ? PRIMARY  RADAR  DETAIL  DESIGN 


2.  3.  1 ANTENNA  DESIGN 
a)  Configuration  Considerations 

As  stated  previously  in  discussing  generalized  system  design  guidelines 
an  electrically  scanned  antenna  is  a necessary  part  of  a low  power  consumption 
unattended  radar.  The  candidate  antenna  configurations  are  basically  the  multi- 
faced  array,  the  Dome  antenna,  the  Hourglass  antenna  and  the  cylindrical  array. 

The  multiface  array  is  not  economic  for  a 360°  scan  requirement.  It  gen- 
erates essentially  cone  shaped  beams  when  scanned  off  boresight  and  as  such  has 
difficulty  achieving  the  goal  of  0.  5 degree  azimuth  accuracy  on  all  targets. 

The  Dome  antenna  provides  an  alternate  approach  to  improve  the  cost- 
effectiveness  of  hemispheric  coverage.  It  uses  a single  active  planar  array 
to  illuminate  a passive  dome  lens,  which  forms  a pencil  beam  in  space.  This 
antenna  however  suffers  from  gain  degradation  at  low  elevation  angles  and  has 
difficult  polarization  problems  in  certain  directions,  and  thus  is  not  a good 
candidate. 

The  Hourglass  antenna,  using  a concave  cylindrical  reflector  (shaped  like 
an  hourglass)  and  a ring  array  feed,  represents  an  excellent  antenna  geometry 
for  the  160°  azimuth  coverage.  However,  due  to  the  requirement  of  an  exterior 
feed  array,  the  horizontal  dimension  of  the  antenna  tends  to  be  large.  For  ex- 
ample, if  a 4-1'  diameter  cylindrical  reflector  is  used,  the  feed  array  diameter 
is  approximately  60'.  Furthermore,  to  achieve  the  desired  elevation  pattern 
shaping,  the  antenna  also  requires  an  oversized  aperture.  This  configuration 
is  not  desirable  given  the  tower  mounting  constraints  and  radome  problems. 

The  cylindrical  array  offers  the  best  solution  to  the  tower/radome  con- 
straints, (44  ft.  diameter  with  integral  low  loss  radome)  and  possesses  a number 
of  other  distinct  advantages;  the  beam  steerability,  the  pattern  invariance,  the 
effective  usage  of  the  radiating  aperture  and  the  ease  of  protection  for  weather. 
The  first  advantage  is  due  to  the  existence  of  the  microwave  lens  device  for  the 
azimuth  beam  steering,  as  will  be  discussed  later.  The  pattern  invariance  is  a 
property  realizable  with  all  circularly  symmetric  arrays,  such  that  the  azimuth 
beam  is  electronically  steered  without  scanning  loss. 
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b)  Baselint'  Antenna  Design 


The  Type  A baseline  antenna  configuration  is  a circular  array  of  256 
vertical  clement  stacks,  eqaally  spaced  around  a 44-foot  diameter  circle. 
This  diameter  was  selected  as  the  largest  allowable  (for  this  number  of 
elements)  to  prevent  excessive  grating  sidelobes.  The  aperture  height  is 
approximately  7 feet  for  the  baseline  configuration.  The  relationship 
between  the  antenna  components  and  other  subsystems  is  generally  illus- 
trated in  Figure  2.  2.  1-2. 

The  elevation  plane  RF-feed  network  is  a multiple  beam  feed  network 
where  the  number  of  array  elements  is  20  with  an  array  aperture  spacing 
of  4.8  inches  (»0.  5287X).  The  number  of  simultaneous  elevation  plane 
beams  is  taken  at  a minimun^  of  6 (feed  input  ports)  such  that  the  highest 
angle  beam  could  be  a shaped  RF-combination  of  two  or  more  beams  and 
the  5 lower  beams  are  of  pencil-beam  nature.  Several  different  feed 
techniques  have  been  examined  including  a bootlace  lens,  a Blass- Lopez, 
and  a Butler  Matrix  structure.  Tlie  azimuth  plane  RF-feed  network  is  to 
be  a switching  matrix  associated  with  an  R-lens  whose  radius  R is  taken 
such  that  the  array  elements  along  any  arc  of  essentially  90°  are  azi- 
muthally  co-phased  at  a specified  elevation  angle.  Three  R-lenses  are 
utiliz»'d  in  the  baseline  conliguration.  Kach  lens  is  to  be  associated  with 
two  adjacent  beams  and  co-phased  at  the  elevation  angle  halfway  between 
the  beam  peak  angles  of  the  two  beams. 

A transmit- receive  solid  state  module  (TRSSM)  is  located  at  each 
antenna  element  stack. 
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c)  Cylindrical  Array  Pattern  Analysis 

Tlie  radiation  patterns  of  the  cylindrical  array  have  been  analyzed 
with  the  aid  of  a computer  program  formulated  for  this  purpose.  The 
analytical  details  are  given  in  Appendix  A.  The  results  are  summarized 
in  the  following. 

The  geometric  variables  of  the  cylindrical  array  are  given  in  Figure 
L.  3.  1-1.  The  cylindrical  array  consists  of  M vertical  stacks  with  each 
stack  containing  N stripline  dipole  radiators.  At  each  step-scanned  beam 
position,  only  90°  of  the  array  is  excited.  Cylindrical  array  patterns  can 
be  analyzed  in  terms  of  two  separable  amplitude  patterns:  (i)  the  elevation 
pattern  Gp(0)  held  constant,  and  (ii)  the  elevation  dependent  azimuth  pattern 
Ga{®»  0).  The  azimuth  beamwidth  is  also  a function  of  the  number  of  R-2R 
lenses  employed,  as  the  beam  tends  to  defocus  out  of  the  elevation  plane 
for  which  the  lens  was  optimized.  The  use  of  three  lenses  in  the  baseline 
configuration  permits  approximate  focussing  for  each  adjacent  pair  of  the 
f)  beams.  A greater  or  lesser  number  of  lenses  determines  a greater  or 
lesser  amount  of  defocussing,  respectively. 

The  derived  amplitude  distribution  over  the  20-element  vertical  aper- 
ture array  is  taken  as  given  in  Table  2.  3.  1-1. 

Since  Class  C TR -modules  are  employed  at  the  circular  array  ele- 
ments within  the  (active)  90°  arc,  the  amplitude  distribution  over  the  63 
element  horizontal  ap<-rture  array  is  taken  as  unity. 

For  an  antenna  array  of  this  type,  the  clement  pattern  contribution  of 
the  array  elements  is  of  considerable  importance.  A cosine-squared  ele- 
ment pattern  behavior  was  assumed  in  both  the  azimuth  and  elevation 
principal  planes  for  the  baseline  system. 

It  was  also  assumed  that  the  elevation  feed  network  was  designed  such 
that  the  elevation  plane  beams  are  essentially  orthogonal  and  the  first 
sidelobe  levels  are  23  dB  down. 
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Figure  2.  3.  1-1  Circular  Cylindrical  Array 
Geometry 
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Table  2.  3.  1-1 

Baseline  Elevation  Amplitude  Distribution 


Element 

V oltaKe 

DB  Down 

1 

0. 43362 

7.  26 

2 

.46133 

6.  72 

3 

. 51407 

5.  78 

4 

. 58663 

4.  63 

5 

. 67196 

3.45 

6 

. 76166 

2.36 

7 

. 84698 

1.44 

8 

.91956 

0.  73 

9 

0.97228 

0.  24 

10 

1. 00000 

0.  00 

1 1 

1. 00000 

0.  00 

12 

0. 97228 

0.  24 

13 

.91956 

0.  73 

14 

. 84698 

1.44 

15 

. 76166 

2.  36 

16 

. 67196 

3.  45 

17 

. 58663 

4.  63 

18 

.51407 

5.  78 

19 

.46133 

6.  72 

20 

0.43362 

7.  26 
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Ttic  orthononal  rfr|ui  r«-n><-nt  can  be-  satisficti  by  positioning  the  beam 
peak  directions  at  elevation  angles  0^  where, 

sin  = [ 7^0  4 (1.  3)  n j / j^(ZO)  (0.  5287)  j 

where  n is  an  index  counting  the  beam  number  above  the  horizon  and  is 
eslatilished  by  the  desired  underside  horizon  point  of  the  lowest  beam. 

Figure  2,3.  1-2  contains  plots  of  the  calculated  (jattern  peak  regions 
of  the  (i  elevation  plane  beams  for  the  baseline  configuration.  The  R -lenses 
were  i o-phased  at  ().  3°,  20.8°,  and  37.  5°  for  these  calculations.  The 
crossover  levels  vary  between  5 and  8 dB  while  the  beams  are  orthogonal. 

The  gain  fall-off  at  the  higher  elevation  angles  is  due  to  two  factors;  - 
(1)  the  cosine-squared  element  pattern  and  (2)  the  azimuth  plane  defocusing 
associated  with  the  R-lens  co-phasal  angles.  A broader  elevation  element 
pattern  could  be  designed  and  larger  number  of  lens  could  be  used  to  re- 
duce the  gain  fall-off.  The  use  of  more  lenses  is  discussed  in  the  next 
section  as  an  alternate  configuration. 

A plot  of  the  Baseline  two-way,  free-space,  elevation  plane  coverage  is 
shown  as  Figure  2.  7.  1-1  in  Section  2.  7,  Type  A Performance  Evaluation. 

Holes  in  the  desired,  coverage  are  evident  and  are  due  tothe  crossover 
levels  associated  with  the  use  of  orthogonal  multiple  beams.  The  depth  of  th<  se 
coverage  holes  can  be  reduced  by  using  elevation  beams  with  a shallower  cross- 
over. This  option  is  also  discussed  in  the  next  section  on  alternative  designs. 

F'igure  2.  3.  1-3  contains  plots  of  the  near-in  azimuth  plane  patterns  as 
calculated  at  the  elevation  angle  of  each  beam  peak.  The  nominal  half-powe: 
beamwidth  is  approximately  1.4.  The  gain  fall-off  and  azimuth  defocusing 
effects  are  evident. 
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Figure  2.  3.  1-3.  Calculated  Baseline  Azimuth  PI 
Pattern  Cuts 


d)  Azimuth  Sidelobe  Control 


The  goal  established  for  sidelobea  is  30  dB  (1-way).  The  use  of  Class  C 
amplifiers  at  each  element  makes  it  difficult  to  achieve  this  goal  for  both  trans- 
mit and  receive.  Class  C transmitter  amplifiers  are  required  to  achieve  high 
efficiency  with  attendant  low  power  consumption. 

Adding  a taper  to  the  transmit  side  would  add  an  aditional  signal  loss  plus 
would  require  digital  attenuators  with  appropriate  control  logic.  The  digital 
attenuators  for  a transmit  taper  would  have  to  be  situated  after  the  final  ampli- 
fiers to  prevent  pulling  the  amplifiers  out  of  Class  C operation  and  thus  adversely 
affecting  the  phase  distribution  to  the  antennas.  Consequently,  a completely 
separate  set  of  attenuators  for  each  TRSSM  (other  than  required  for  receive 
taper)  would  be  necessary.  This  type  of  control  for  each  TRSSM  would  rapidly 
increase  the  level  of  power  consumption. 

Low  sidelobes  on  transmit  are  primarily  desirable  to  a)  prevent  inter- 
ference with  other  radars,  b)  protection  against  anti-radiation  missiles  (ARM), 
and  c)  guard  against  deceptive  sidelobe  jammers  which  attempt  to  quickly  lock 
on  to  new  radar  frequencies,  d)  prevent  detection  in  the  sidelobes.  The  first 
consideration  (interference)  is  not  substantially  important  due  to  the  low  density 
of  radars  on  the  Arctic  Circle.  The  second  is  not  considered  a threat  as  the 
DEW  LINE  is  an  early  warning  net,  not  a prime  target.  The  other  ECM  con- 
sideration can  be  handled  in  other  v/ays  which  are  discussed  in  Section  2.  4,  3. 
Hence,  taper  on  transmit  is  not  considered  further  in  this  study. 

While  the  receive  taper  involves  the  same  type  of  taper  loss,  it  has  a sub- 
stantial benefit  for  ECCM  purposes  (see  Section  2.  7,  3).  It  can  be  achieved  with 
one  set  of  controllable  attenuators  located  at  the  azimuth  steering  subsystem. 
Consequently  receive  taper  is  assumed  for  the  ECCM  configurations. 

Figure  2.  3.  1-4  shows  calculated  far-field  azimuth  plane  patterns  for  63 
active  elements  for  several  values  of  taper.  The  case  of  uniform  taper  (the 
expected  transmit  excitation)  is  shown  as  a solid  line;  it  can  be  seen  that  the 
near-in  sidelobes  fall  off  essentially  at  15,  20,  23,  25,  35  dB  levels.  Although 
not  .shown,  the  worst  case  far-out  sidelobe  level  (for  the  low  elevation  beams) 
has  been  calculated  as  approximately  22  dB  down  at  + 90°  away  from  the  main 
beam  direction. 
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Figure  Z.  3.  1 4 Calculated  Azimuth  Plane  Patterns 
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In  receive,  the  R-^R  lens  has  a natural  5 dB  taper;  this  reduces  the  near-in 
receive  sidelobes  by  about  4-6  dB,  An  additional  5 dB  of  taper  (10  dB  total) 
places  essentially  all  sidelobes  below  30  dB.  The  exception  are  lobes  at  + 90° 
aziiriuth  of  about  25  dB  peak.  These  sidelobes  are  due  to  the  horizontal  element 
spacing.  A reduction  in  the  array  diameter  of  about  1 foot  to  43  feet  will  reduce 
this  peak  sidelobe  to  about  30  dB. 

e)  Alternative  Designs 

The  alternative  antenna  designs  considered  a choice  of  three  or  six  R-2R 
lenses  at  L-Band  and  one  or  two  lenses  at  UHF.  The  three  lens,  L-Band  con- 
figuration is  the  baseline  and  was  discussed  in  the  preceding  section.  All  L-Band 
configurations  are  assumed  to  have  6 elevation  beams  and  256  element  stacks 
and  all  UHF  configurations  have  2 beams  and  128  stacks. 

It  is  possible  to  consider  half  this  number  of  elevation  beams  at  either 
frequency;  however,  high  elevation  coverage  suffers.  As  the  analysis,  for  this 
case  is  the  same  as  for  the  six  ( L)  or  two  (UHF)  beam  case  for  the  lower  beams, 
it  is  not  considered  further  in  this  section. 

Another  variable  of  concern  is  the  crossover  point  between  elevation  beams. 
As  noted  in  the  baseline  discussion,  the  use  of  orthogonal  elevation  beams  results 
in  about  5-6  dB  crossovers  (1-way)  with  corresponding  p>attern  "holes".  The 
coverage  can  be  iinproved  by  the  use  of  wider  beamwidths  with  a shallower 
crossover.  The  penalty  lies  in  the  loss  for  decreased  aperture,  an  additional 
feed  loss  due  to  mutual  coupling  (about  0.  5 + 1.0  dB,  2 way  for  a 3-4  dB  cross- 
over, and  a degradation  of  about  1-2  d^  in  near-in  sidelobes. 

The  elevation  anteniia  pattern  for  an  L-Band,  6 lens  configuration  with  an 
approximately  3.  5 dB  crossover  is  shown  in  Figure  2.  7.  1-2.  The  nulls  are  con- 
siderably improved;  however,  the  range  at  beam  peak  is  somewhat  reduced  due 
to  the  losses  described  above. 
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The  UHt  antennas  are  conlijjured  with  6 radiatinji  elements  per  stack 
spaced  at  14  inch<‘s  for  each  vertical  stack.  An  elevation  feed  network  with  two 
input  beam  ports  generates  two  elevation  plan  beams  with  crossover  points  of 
ap|irovirn,itely  4.  S dH. 

The  L lens  twf)-way  elevation  coverage  for  Ullk'  is  shown  as  kigure 
2.  7.  1-3  in  Sec  tion  2.  7.  The  lower  beam  is  (jointed  at  v”  elevation,  and  the  upper 
at  32°.  The  elevation  coverage  for  the  one-lens  UHF  system  would  be  substan- 
tially similar. 

The  advantage  of  a two  lens  configuration  can  be  seen  by  comparing 
Figures  2.  3.  l-'i  and  2.  3.  l-b  Figure  2.  3.  1-5  shows  calculated  azimuth  plane 
pattern  cuts  through  the  elevation  angles  at  which  the  two  beams  were  focused. 
Deep  nulls  are  evident.  Figure  2.  3.  1-6  shows  calculated  azimuth  plane  pattern 
cuts  through  the  same  elevation  angles  when  a single  R-2R  lens  is  focused  at 
25°  elevation.  Filling  of  the  pattern  nulls  is  now  evident  along  with  a gener-'l 
raising  of  near-in  sidelobes.  The  peak  gain  would  also  be  somewhat  less. 

f)  Low  Cost  Antenna  T echnology 

The  detailed  structure  of  thc^  antenna  including  the  vertical  element 
stacks,  the  elevation  feed  network  and  the  various  interconnections  were  exten- 
sively investigated  to  determine  the  lowest-cost  solution.  The  original  designs 
employed  a Bootlace  lens  (space  constrained)  type  of  feed  as  other  types  of  feed 
networks  such  as  a Butler  Matrix  appeared  to  involve  too  many  interconnect!  Jns 
to  be  cost  competitive.  .Subsequent  investigation  into  air-stripline  techniques 
of  construction  proved  that  such  was  not  the  case. 

A typical  vertical  stack  using  a "component"  type  Bootlace  lens  feed 
network  is  shown  in  Figure  2.  3.  1-7.  The  array  of  elements  themselves  vcre 
fabricated  in  conventional  stripline  using  Duroid  dielectric.  This  type  of  stack 
is  similar  to  that  developed  at  Raytheon  for  the  Transportable  Surveillance  Radar 
(TSR).  A TSR  element  stack  is  shown  in  Figure  2.  3.  1-8. 

Three  types  of  feed  networks  were  studied  - a Bootlace  lens,  a Butler 
Matrix,  and  a Btass-I.opez  feed.  Each  was  examined  in  both  a component  and 
an  integrated  version.  The  component  version  utilized  the  appropriate 
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Figure  L.  3.  1-6.  Calculated  Azimuth  Plane  Patterns 
(One- Lens  UHF  Configuration) 
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Figart"  Z.  3.  1 -7.  Typical  V ertii  al  Stack  - Bootlace 
Lens  Feed  (Cutaway  View) 
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components  (lens,  hybric’s,  couplers,  radiators,  etc.  ),  supplied  interconnecting 
cables,  and  designed  a suitable  structure  to  support  the  pieces.  In  this  type  of 
construction,  the  Blass- Lopez  and  Butler  Matrix  became  very  costly  for  the 
baseline  version. 

The  integrated  version  use  an  air-stripline  technique  where  the  entry 
microwave  circuit  including  interconnections  is  laid  out  and  etched  on  a thin 
dielectric  substrate.  The  circuit  is  then  sandwiched  between  two  layers  of 
nylon  honeycomb  and  finally  two  layers  of  thin  aluminum  stock.  The  com- 
plete assembly  is  light  weight,  rigid  and  self  supporting. 

The  integrated  version  of  the  Bootlace  lens  feed  for  L-band  is  shown 
in  Figure  2.  3.  1-9.  The  Bootlace  lens  is  manufactured  separately  and  "dropped" 
into  the  stripline  assembly.  Because  of  lay-out  difficulties  in  minimizing  the 
number  of  crossing  RF  lines  - the  pilot  pulse  divider  network  - used  for  BITE  - 
is  included  as  a separate  component.  The  radiating  dipole  elements  are  etched 
on  the  dielectric  substrate, 

A Blass-Lopez  feed  for  UHF  is  illustrated  in  Figure  2.  3.  1-10.  The 
entire  structure  is  now  a honeycomb  sandwich  with  dimension  4 ft.  by  8 ft.  and 
1 /2-inch  thick.  Eight  interconnecting  RF  semi-rigid  cables  are  required  for 
crossing  RF  lines  dictated  by  the  Blass-Lopez  structure.  The  pilot  pulse  divider 
network  can  now  also  be  etched  on  the  same  substrate.  For  UHF,  the  only  inter- 
connections are  the  two  beam  inputs  and  a single  pilot  pulse  input.  The  Butler 
Matrix  feed  structure  would  look  the  same  except  that  seven  external  RF  cables 
are  required. 

The  schematic  representations  of  the  Blass-Lopez  and  Butler  networks 
are  shown  in  Figure  2.  3.  1-11  and  2.  3.  1-12  respectively. 

The  relative  costs  of  producing  vertical  element  stacks  for  several 
different  feed  network/fabrication  technique  combinations  is  shown  in  Table 
2,  3.  1-2,  It  is  apparent  from  Table  2.  3.  1-2  that  - using  the  integrated  air- 
stripline technique  - either  the  Blass  or  Butler  feeds  results  in  a lower  cost 
antenna  solution. 
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Figure  Z.  3.  1-10.  UHF  Antenna  Stack  (Blass-Feed) 
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Figure  2.  3.  1-12  Schematic  Antenna  Element  for  Butler  Matrix 
U.  H.  F.  Type-A  Radar 


Table  2.  3.  1-2 


Frequency 

L 

Relative  Antenna 

F eed 

Bootlace  Lens 

Bootlace  Lens 

Blass  or  Butler 

Production  Costs 

Fabrication 

Component 

Integrated 

Integrated 

Relative  Cost 

1.0 

0.  95 

0.  55 

UHF 

Bootlace  Lens 

Component 

1.0 

Bootlace  Lens 

Integrated 

0.  85 

Blass  or  Butler 

Integrated 

0.  45 

A concept  drawing  of  the  UHF  Blass/Butler  antenna  stack  is  shown  in 
Figure  2,2.  3-2.  The  support  structure  and  method  of  installation  is  also 
illustrated.  The  antenna  stack  (a  4'  x 8'  sheet)  is  slid  into  position  between  a 
bottom  "O”  channel  and  two  top  end  brackets.  A ball  pin  is  used  to  secure  and 
align  the  stack  and  permits  quick  release.  The  support  structure  consists  of  two 
top  and  two  bottom  structural  elements  which  go  around  the  entire  array. 

An  enlarged  detail  of  the  UHF  integrated  antenna  is  shown  in  Figure 
2.  3.  1-13  with  various  cut-a-ways  to  illustrate  the  important  construction  details. 
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2.  3.  2 TRANSMIT/RECEIVE  SOLID  STATE  MODULE  (TRSSM) 
a)  TRSSM  Design  - State-Of-The-Art 

The  current  design  state-of-the-art  in  solid  state  TR  combined  transmit 
and  receive  solid  state  modules  (TRSSM)  is  such  that  microwave  integrated  circuit 
(MIC)  modules  can  be  produced  inexpensively  and  reliably  in  high  production 
volumes.  Many  of  the  techniques  which  would  be  used  are  currently  being  put 
into  practice  on  modules  for  the  L-Band  Transportable  Surveillance  Radar  (TSR) 
and  the  UHF  PAVE  PAWS  phased  array  radar  system.  These  techniques  include 
mounting  Teflon-Glass  or  ceramic  microwave  integrated  circuit  boards  in  cast 
aluminum  housings  designed  to  optimize  the  electrical,  mechanical  and  thermal 
interfaces  of  the  module  to  the  outside  world.  A bank  of  TSR  modules  is  shown 
in  Figure  2,  3.  2 - 1 , A PA  VE  PAWS  module  is  shown  in  Figure  2.  3.  2-2. 

The  module  components  required  are  well  within  the  present  state-of- 
the-art  for  most  of  the  configurations  studied.  The  usual  pacing  item  is  the 
transmitter  output  transistor.  The  requirements  for  the  output  transistor  in  the 
baseline  system  is  24  watts  output,  6.  5 dB  gain  and  45%  collector  efficiency  at 
L-band.  Currently,  L-band  devices  are  being  evaluated  at  Raytheon  which  have 
over  100  watts  peak  output,  8,  0 dB  gain  and  55%  collector  efficiency. 

The  device  required  for  the  baseline  module  represents  a very  con- 
servative derating  from  the  highest  power  devices  currently  available.  A lower 
power  device  represents  an  advantage  in  semiconductor  yields,  broadband 
matching  and  device-to-device  parameter  variations  over  a high  power  device  in 
a given  frequency  range.  Other  components  within  the  module  such  as  circulators, 
switches,  hybrids  and  low  noise  amplifiers  have  been  in  production  for  several 
years  and  have  well  developed  histories.  The  baseline  module  is  a relatively  low 
risk  item  well  within  the  current  state-of-the-art. 

The  baseline  TRSSM  design  block  diagram  is  shown  in  Figure  2.  3.2-3. 
The  baseline  TRSSM  has  a single  channel  transmitter  and  a three  channel  low 
noise  receiver  front  end.  This  configuration  with  the  appropriate  switching  as 
shown  in  Figure  2.  3.2-3  is  capable  of  rapidly  'machine  gunning'  the  transmitted 
pulse  waveform  into  either  the  lower  three  or  upper  three  beams.  The  receive 
portion  is  capable  of  receiving  three  simultaneous  signals.  The  theory  of  opera- 
tion of  the  Baseline  System  is  given  in  Section  2,  2.  3, 
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Figure  2,  3,  2-1.  "L"  Transmitter  Module  Bank  (TSR) 


Figure  2.  3.  2-2.  UHF  Transceiver  Module  (PAVE  PAWS) 
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Th<‘  transmitter  chain  consists  of  four  cascaded  power  amplifier 
stages.  The  input  to  these  stages  is  routed  through  the  input  manifold  port 
elevation  beam  switches  under  commands  generated  in  the  signal  processor.  In 
practice,  the  three  inputs  will  be  switched  nearly  contiguously  to  give  a 20.0  usee 
transmit  pulse  consisting  of  three  6 usee  pulses  separated  by  1.0  usee  dead  spaces, 
one  from  each  of  the  possible  R-lenses. 

This  input  pulse  is  then  amplified  through  two  class  A gain  stages. 

These  stages  are  used  to  compensate  for  an  input  drive  variation  of  +0,  -5  dB 
which  is  an  inherent  property  of  the  azimuth  steering  lens  off  boresight.  The 
two  input  stages  assure  sufficent  drive  to  the  driver  and  output  to  guarantee 
saturated  performance  for  the  input  variation  previously  stated.  Circulators  are 
used  between  cascaded  stages  to  assure  stable  operation  of  the  chain  for  varying 
operating  conditions  of  drive,  ambient  temperature,  etc. 

After  the  first  two  stages,  the  power  level  is  about  2 watts  peak,  and 
this  is  amplified  by  the  driver  stage  to  10.  0 watts  peak.  The  output  stage  con- 
sists of  two  parallel  stages  coupled  by  90  degree  quadrature  couplers,  raising 
the  signal  level  t<  greater  than  40  watts  peak. 

The  transmitted  signal  is  then  routed  by  means  of  an  antenna  port 
elevation  beam  switch  to  one  of  three  possible  circulator- switch  combinations. 
These  three  switched  positions  are  timed  with  the  input  three  position  elevation 
beam  switch  such  that  each  of  the  three  6 usee  pulses  is  routed  to  the  right  ele- 
vation lens  during  the  20  ^sec  transmit  nulsewidth.  " cm e- to -two"  switches  further 
select  the  signal  path  such  that  the  transmitter  output  can  be  switched  to  one  of 
six  possible  elevation  beam  positions. 

Between  transmit  pulses,  the  TRSSM  is  in  the  receive  state  with 
several  channels  geared  to  the  elevation  beam  positions,  operating  continuously. 
The  two-way  switches  at  the  antenna  ports  of  the  module  are  used  to  select  one 
of  two  possible  elevat>  )n  beams  at  each  of  three  positions. 

The  three  outputs  of  these  switches  each  go  through  a circulator,  T/R 
Limiter,  low  noise  amplifier  and  filter  before  reaching  the  final  switching  matrix. 
The  circulators  are  used  to  diplex  the  transmit  and  receive  signals  at  a given 
elevation  beam  port.  The  T/R  Limiter  serves  a dual  function,  first  to  place  a 
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good  termination  on  the  circulator  during  the  transmit  period  and  second  to 
protect  the  Low  Noise  Amplifier  (LNA)  from  transmitter  leakage  and  high  level 
signals  from  other  radars  or  close-in  targets.  The  LNA  consists  of  solid  state 
amplifier  stages  designed  for  minimum  possible  noise  figure.  These  stages  have 
sufficient  gain  to  establish  the  noise  figure  of  the  system  along  with  losses  in  their 
input  paths.  The  receive  noise  figure  looking  into  the  LNA  is  estimated  to  be 
1.  4 dB. 

Bandpass  filters  are  used  to  separate  the  module  bandpass  into  three 
contiguous  frequency  ranges  such  that  each  amplifier  output  corresponds  to  a 
particular  elevation  beam  and  frequency  range.  This  is  done  so  that  the  noise 
contributions  of  each  beam  position  do  not  add  up  in  the  manifold  port  multi- 
plexers in  such  a way  as  to  diminish  the  signal-to-noise  ratio  of  the  system. 

The  bandwidth  of  each  bandpass  filter  is  matched  to  the  signal  instantaneous 
bandwidth  thereby  avoiding  a mismatch  loss. 

The  baseline  system  includes  provisions  for  sidelobe  suppression 
through  amplitude  taper.  The  figure  shows  attenuators  and  control  elements 
to  perform  this  function.  There  is  no  taper  attempted  in  transmit  for  the  base- 
line as  the  complexity  involved  in  making  a linear  Class  C amplifier  is  not  war- 
ranted. The  receive  taper  is  recommended  in  any  ECCM  configuration.  There 
is  an  inherent  amplitude  taper  in  the  R-lens  of  down  to  -5.  0 dB,  but  for  the  same 
reasons,  it  is  difficult  to  try  to  take  advantage  of  this  in  the  transmitter  ampli- 
fiers. 

This  natural  amplitude  taper  can  be  utilized  in  receive,  however, 
along  with  the  taper  added  by  the  controllable  attenuators.  The  attenuators 
which  are  after  the  bandpass  filters  are  used  to  introduce  amplitude  taper  as  a 
function  of  module  position  in  the  array  quadrant.  As  the  azimuth  beam  is  stepped 
through  its  beam  positions,  logic  in  the  module  keeps  track  of  when  it  was  acti- 
vated (by  command  from  the  azimuth  steering  subsystem)  and  how  many  modules 
have  been  activated  since  it  was  turned  on.  From  this  information,  the  logic 
generates  a word  which  sets  the  attenuator  for  a particular  value  of  attenuation. 
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A set  of  two-way  switches  and  reactive  combiners  next  multiplex  the 
outp\its  of  the  receive  channels  such  that  each  of  the  three  R-lenses  will  see  the 
output  of  two  channels.  Thete  combined  signals  then  go  through  the  manifold 
port  elevation  beam  switches. 

All  of  the  beam  switching  as  well  as  the  BITE  logic  and  taper  attenuator 
control  will  use  CMOS  integrated  circuits  except  for  the  logic  functions  where 
speed  is  important  such  as  T/R  switching  which  will  use  a TTL  line  receiver. 

The  use  of  low  power  logic  elements  in  combination  with  the  switching  off  of 
LNAs  when  not  in  use  and  the  use  of  active  bias  in  the  LNAs  themselves  all 
conserve  prime  power. 

The  TRSSM  will  be  built  using  well-proven  hybrid  electronic  tech- 
niques. MIC  boards  will  be  mass  produced  using  photolighographic  techniques 
to  assure  unit-to-unit  repeatability.  The  total  baseline  module  package  can  be 
built  within  outline  dimensions  of  12"  E x 8"  W x 2-1/2"  high,  including  con- 
nectors and  heat  sink  fins. 

Tile  electrical  specifications  for  the  TRSSM  are  given  in  Table  2,3.2-!. 

Table  2.  3.  2-1 

Baseline  TRSSM  Specifications 


I^eak  Power  Output 

40W  pk 

T ransmit  Gain 

26  dB 

Input  Power  Varition  for  Rated 

± °dB 

Instantaneous  Bandwidth 

200  MHz 

Receiver  Noise  Figure  (looking  into  LNA) 

1.  4 dB 

Receiver  Gain 

12  dB 

Receiver  C^hannel  Width  at  -3  dB 

at  -60  dB 

66.  6 MHz 
120  MHz 

Taper  Attenuator  Bits 

8 

Taper  Attenuator  Range 

9-18  dB 

T/R  Switching  Speed 

0. 5 g sec 

Elevation  Beam  Switching  Speed 

0.  5 gsec 

T/R  Limiter  Protect  Level 

20W  pk 

l.NA  1.  0 dB  Compression  Point 

+ 13  dBm 
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b)  Alternative  Designs 

Several  variations  on  the  baseline  mofinle  havt;  been  considered  a* 
both  L-band  and  UHF.  A list  of  these  alternatives  is  given  in  Table  2.  2.  4-1 
with  their  key  requirements. 

The  6-channel  L-band  module  assembly  is  shown  in  Figure  2.  3.2.4. 
This  module  is  virtually  identical  to  the  3-channel  version  except  for  its  eleva- 
tion beam  manifold  port  switch.  Each  of  the  6 elevation  beam  manifold  ports 
has  a circulator  for  isolating  transmit  and  receive  signals,  the  transmit  signals 
all  going  to  a 6:1  switch  which  selects  the  correct  path  to  be  amplified  by  the 
transmitter.  The  outputs  of  the  three  receive  amplifie r /attenuator  chains  are 
split  1 ;2  such  that  six  possible  receiver  paths  exist  at  the  manifold  ports  of  the 
module.  This  allows  the  processing  of  the  various  frequency /elevation  beam 
signals  in  another  section  of  the  radar. 

This  module  is  somewhat  more  expensive  than  the  3-channel  in  that 
more  circulators  are  used  and  the  manifold  port  switching  is  more  complex. 

In  addition,  the  size  of  the  assembly  would  have  to  be  increased  by  a small 
amount  to  accept  the  six  extra  circulators. 

At  UHF,  several  conceptual  differences  exist  with  the  L-band  modules. 
A two-channel  UHF  design  is  shown  in  Figure  2.  3.  2-5  and  a one-channel  design 
in  Figure  2.  3.  2-6.  Because  of  the  less  extensive  elevation  beam  switching,  less 
receiver  channels  are  required  at  UHF  than  L,-band. 

Basically,  the  UHF  transmitter  uses  the  same  concept  as  the  L-band 
unit.  After  an  input  switch  and  circulator,  two  gain  stages  coupled  through  an 
isolator  provide  drive  to  the  driver  stage  and  a parallel  output  stage.  Again, 
the  two-input  stages  provide  sufficient  gain  to  drive  the  chain  into  saturation 
even  though  the  input  level  can  drop  as  much  as  5.  0 dB  as  a function  of  module 
position  around  the  circular  array.  The  other  major  difference  is  in  the  power 
level  of  the  transmitter  which  at  150  watts  peak  output  for  the  baseline  UHF 
(TRSSM's  located  at  the  antennas)  is  higher  than  the  level  at  L-band.  Location 
of  the  TRSSM  behind  the  azimuth  steering  quadrant  switches  raises  the  power 
requirement  to  200  watts  (additional  1,  5 dB  2-way  loss).  This  is  still  well  within 
conservative  design  margins  at  UHF  (two  125  watt  output  transistors). 
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UHF 


Figure  2.  3,  2-6  T/R  Module  (UHF,  1 Channel) 


Again,  a circulator  is  used  at  the  antenna  port  end  of  the  module  to 
diplex  and  isolate  the  receive  and  transmit  signals.  An  elevation  beam  switch  is 
t.ien  used  to  switch  to  the  appropriate  input  port  on  the  bootlace  lens  to  give  two 
elevation  beams  for  the  two  channel  version.  The  only  difference  in  the  single 
channel  version  would  be  the  deletion  of  the  elevation  beam  switches  from  the 
manifold  and  antenna  port  ends  of  tlie  module  respectively. 

In  receive,  the  signal  comes  through  the  elevation  beam  switch  at  the 
antenna  port  through  a circulator  to  a T/R  limiter  which  provides  a termination 
to  the  circulator  during  transmit  and  protection  to  the  LNA  for  overloads  at  all 
times.  The  LNA  then  raises  the  signal  level  establishing  the  noise  figure  of  the 
system  at  that  point.  The  noise  figure  of  the  LNA  stage  will  be  about  1.  4 dB 
which  is  well  within  the  state-of-the-art  for  presently  available  devices.  A 
digital  attenuator  and  control  circuit  is  used  to  achieve  amplitude  taper  on  re- 
ceiver as  a fxxnction  of  module  position. 

As  with  the  possible  L-band  modules,  the  components  used  at  UHF  will 
be  derated  sufficiently  from  the  state-of-the-art  that  the  module  represents  a low 
risk  production  item.  Construction  will  again  be  using  hybrid  electronic  tech- 
niques particularly  suited  to  the  building  of  large  quantities  of  low  cost  modular 
assemblies.  Final  size  of  a typical  UHF  module  of  either  type  would  be  about 
8"  W X 28”  L X 4”  High  including  connectors  and  heat  sink  elements.  A typical 
UHF  TRSSM  is  shown  in  Figure  2.  3.  2-7, 

Collector  efficiency  and  gain  are  slightly  better  on  a per  stage  basis 
at  UHF  than  I, -band.  In  production  quantities,  there  is  little  difference  in  p<.  r- 
formance  of  the  reetdver  front  ends  for  L and  UHF  frequency  bands.  Noise 
figure  of  LNA  transistors  is  several  tenths  of  a dB  lower  at  UHF,  but  this  is 
largely  lost  in  input  circuit  losses  such  as  circulators  an<l  the  T/R  Limiter.  In 
large  quantities,  there  will  be  no  large  cost  differences  between  UHF  and  L-band 
on  the  receiver  side  of  the  module.  The  major  cost  differences  will  occur  in 
the  configuration  of  the  Receiver  (three  versus  six  channel  version). 

Major  variables  which  drive  the  TRSSM  design,  in  addition  to  frequency 
choice,  are: 


A 
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• TRSSM  location: 

• At  antenna  stack 

• Behind  quadrant  switch 

• Transmitted  pulsewidth: 

• 6 usee  pulse 

• 1.5  psec  pulse 

These  alternatives  have  been  discussed  in  Section  2.  2.  4.  Both  of  these  variables 
drive  the  peak  power  requirements  of  the  TRSSM  and  thus  have  a very  substantial 
impact  on  its  design,  cost,  power  consumption  and  failure  rate,  k' or  example, 
the  baseline  conf iguration  requires  only  40  watts  peak  at  L-Band  which  is  easily 
satisfied  by  a 1 : 1 : 1 :2  transistor  c; onf iguration  as  shown  in  Figu re  2.  3.2-3  with 
a minimum  number  of  components.  An  L -Band  configuration  with  a 1.5  psecond 
pulsewidth  and  located  behind  the  quadrant  switch  (No.  39  Table  2.  2.  2-2)  must 
deliver  320  watts  for  the  same  system  performance.  This  necessitates  a 
1:1:1:4  transistor  configuration  with  a resulting  increase  in  failure  rates  and  cost. 

' This  latter  configuration  is  shown  as  Figure  2.  3.  2-8. 

A comparison  between  several  typical  configurations  is  made  in  Table 
2.  3.2-2.  Each  TRSSM  configuration  is  identified  by  its  important  parameters 
as  well  as  the  number  assigned  to  the  appropriate  system  configuration  during 
the  study.  The  variables  shown  include  module  failure  rates,  production  cost  per 
radar  and  the  number  of  production  cost  per  expected  module  failures  per  radar 
in  a 20  year  Operations  and  Support  Phase.  These  values  are  used  to  estimate  the 
repair  cost  and  spares  consumption  cost  per  radar  for  20  years.  The  reader  is 
referred  to  Section  2.  8,  Cost  Sensitive  Analysis,  for  the  assumptions  and  equations 
used  in  making  these  calculations. 

The  impact  of  the  system  complexity  (number  of  TRSSM's  and  receiver 
channels)  and  the  TRSSM  complexity  itself  (measured  in  peak  power  effect  on 
design)  can  be  readily  seen  in  the  cost  values  shown  in  Table  2.  3.2-2.  The 
repair  costs  vary  from  301K  per  radar  down  to  lOK  and  the  spares  consumption 
shows  the  same  variation.  Neglected  in  this  comparison  is  the  effect  on  require- 
ment for  maintenance  visits  which  tends  to  be  reflected  by  the  number  of  modulo 
failures. 
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Configuration  No.  39  TRSSM 


♦As  stated  in  Section  2.6.  1 the  failure  rates  are  double  the  actual  217B  predictions. 


2.3.  3 AZIMUTH  STEERING 


a ) General  Theory 

The  azimuth  plane  pattern  for  each  elevation  beam  formed  by  the  verti- 
cal element  stack  is  quite  broad  (i.  e.  , essentially  that  of  the  dipole  radiator)  and 
requires  the  excitation  of  many  adjacent  stacks  to  produce  a desired  narrow 
azimuth  beam.  The  baseline  antenna  system  achieves  its  azimuth  plane  beam- 
width  by  properly  phasing  the  signal  energy  from  an  array  of  vertical  stacks 
within  a sector  of  ± 45*^  about  the  desired  azimuthal  pointing  direction.  This 

phasing  is  accomplished  through  the  use  of  a modified  circular  R-2R  parallel  plate 
3 4 

lenses  ’ , one  for  each  of  the  three  elevation  beams.  The  lenses  are  modified 

in  the  sense  of  being  cophased  for  focusing  at  specified  elevation  plane  angles 
for  each  elevation  beam.  The  modification  is  merely  a slight  adjustment  of  the 
R-lens  diameter. 

Figure  2.3.  3-1  shows  the  classical  R-2R  lens  geometry  that  assures 
a plane  wave  is  generated  by  feeding  the  R-lens  at  an  excitation  point  diametri- 
cally opposite  to  the  desired  pointing  direction  of  the  2R -array.  Note  that  using 
the  R-lens  ports  along  ± 90°  of  arc  opposite  the  excitation  point  causes  a + 45° 
arc  along  the  array  circumference  to  be  driven.  This  means  that  for  the  L-band 
system,  since  the  baseline  array  has  64  elements  on  a 90°  arc,  the  R-lens  will 
have  64  elements  on  a 180°  arc  and  128  elements  on  its  circumference.  Similar 
considerations  apply  to  UHF. 

The  R-lens  design  is  also  proposed  as  using  material  with  a dielectric 
constant  K = 38.  Figure  2.  3.  3-2  shows  a lOo-port  lens  of  a similar  design  by 
Raytheon.  At  E-Band  the  diameters  of  the  R-lenses  involved  are  approximately 
50"  depending  upon  a precise  determination  of  the  elevation  plane  cophasing 
requirements.  The  128  output  ports  are  spaced  0.  38"  apart  around  the  lens 
circumference.  At  UHF,  however,  the  number  of  array  elements  is  128  and 
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only  one  or  two  simultaneous  elevation  plane  beams  are  configured.  The  number 
of  R-lens  ports  is  64. 

The  baseline  antenna  system  does  not  use  the  amplitude  tapering 
property  inherent  in  the  R-lens  for  azimuth  plane  sidelobe  control  in  transmit, 
since  the  TR -modules  operate  in  a Class  C equal  output  power  mode.  The  lens 
amplibide  tapering  is  used  in  receive  along  with  additional  taper  as  described  in 
Section  2.7.3. 

A single  thread  path  diagram  for  the  baseline  configuration  is  shown 
in  Figure  2.3.  3-3.  This  figure  illustrates  the  azimiith  signal  distribution  in  a 
functional  way.  The  distribution  of  the  exciter  ajid  receiver  signals  is  indicated. 
As  explained  in  Section  2.3. 4,  these  functions  are  performed  by  additional 
TRSSM  modules  for  the  sake  of  commonality.  A Bootlace  lens  is  shown  as  the 
antenna  elevation  feed  network;  as  discussed  in  Section  2.3.  1,  other  types  of 
feeds  have  been  considered. 

In  the  azimuth  steering  subsystem,  a set  of  quadrant  switches  connect- 
ing each  R-lens  port  to  four  vertical  stacks  around  the  array  and  a set  of  transfer 
switches  interconnecting  diametrically  opposed  R-lens  ports  serve  to  index 
sequentially  the  R-lens  feed  point  twice  around  its  circumference  while  the  driven 
ports  on  the  2R-array  are  indexed  for  one  pass  around  its  circumference.  Ream 
pointing  directions  throughout  360*^  in  azimuth  are  thus  provided. 

The  function  of  the  Beam  Steering  Switch  Assembly  is  to  connect  the 
Exciter  and  the  T-R  modules  to  the  correct  ports  'I'f  the  R-lens  and  to  properly 
terminate  the  non -used  ports  on  the  lens.  Figure  2.3.  3-4  shows  a schematic  of 
the  complete  assembly.  In  order  to  minimize  connectors  on  the  R-lens,  every 
other  beam  position  is  obtained  by  exciting  two  adjacent  ports  on  the  Lens  thus 
creating  a virtual  port  in  between  the  two  exciter  ports.  This  approach  requires 
the  switch  to  connect  the  exciter  to  two  ports  on  the  lens  every  other  beam  (i.  e.  , 
excite  .11;  excite  J1  and  .12;  excite  J2,  etc.  ).  For  this  reason  the  switch  assem- 
bly feeding  the  lens  is  split  with  one  fjart  feeding  the  ODD  numbered  ports  and  a 
second  part  feeding  the  EVEN  numbered  ports.  The  ODD/EVEN  switch  controls 
this  alternate  one-two  port  excitation  process. 
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igure  2.  3.  3-4.  Azimuth  Steering  Subsystem 


Each  port  of  the  switch  is  connected  to  a terminating  switch  which 
makes  it  possible  to  terminate  simultaneously  on  command  the  unused  ports  of 
the  switch  and  the  lens.  The  transfer  switch  is  connected  to  each  terminating 
switch,  a quadrant  switch,  and  two  diametrically  opposed  ports  on  the  R-Lens. 

This  combination  is  possible  since  only  one  half  of  the  ports  on  the  R-Lens  and 
only  one  quarter  of  the  T-R  (baseline)  modules  are  required  for  a beam;  the 
advantage  of  the  approach  is  a reduction  in  the  number  of  terminating  switches. 

The  quadrant  switch  selects  the  proper  T-R  module  in  the  quadrant  used  in  the  array. 

The  loss  in  the  switch  assembly  from  input  to  any  port  on  the  R-Lens 
is  4.  Z dB  including  the  reqmred  cables  interconnecting  the  subassemblies  in  the 
Beam  Steering  Assembly.  The  loss  from  the  R-Lens  to  the  quadrant  switch  out- 
puts is  1.  2 dB,  this  does  not  include  the  R-Lens  loss.  In  the  case  of  excitation 
of  two  ports,  the  power  is  divided  equally  between  the  two  ports  but  the  loss 
from  the  input  to  the  virtual  port  is  still  4.  2 dB. 

b)  Baseline  Design 

I The  switch  designs  are  selected  considering  a minimal  amount  of 

control  power  dissipation  and  a minimum  effect  on  radar  performance  with  diode 
failure.  The  most  common  mode  of  diode  fai'ure  is  a permanent  open  circuit. 

With  a series  diode  this  means  an  open  transmission  line  with  high  loss;  an  open 
circuit  parallel  diode  will  have  no  effect  on  the  transmission  line. 

ODD/ EVEN  Switch 

The  schematic  for  the  ODD/EVEN  switch  is  shown  in  Figure  2.3.  3-5. 

The  ODD/EVEN  switch  consists  of  6 diode  switches  and  a 3 dB  power 
divider.  The  diodes  are  all  in  series  with  the  transmission  line.  In  this 
case  for  single  port  excitation  only  two  diodes  are  in  the  forward  bias  con- 
dition amd  four  diodes  are  in  the  reverse  condition,  for  two  port  excitation 
three  diodes  are  in  the  forward  bias  condition.  Failure  of  any  of  the  dj  • 
aj  or  will  result  in  a loss  of  half  the  total  beam  positions.  Fai  r** 
diodes  a,  or  a,  will  result  in  a loss  of  one-third  of  the  total  bean  « 
of  the  very  lf)w  failure  rates  (0.  08  x 10  ) of  the  diodes  mtl  • - 

involved  at  this  critical  point  system  failures  involving  . 

positions  will  be  extremely  rare.  The  effects  Ih.-  i 
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been  carefully  modeled  and  the  results  are  presented  in  the  section  on 
reliability  (Section  2.  6).  Because  of  the  unacceptable  degradation  which 
would  result  from  a failure  in  this  switch,  no  system  failure  tolerance 
has  been  assumed  for  this  type  of  fault. 

Feeding  Port  Switch 

The  Feeding  Port  switch,  shown  in  Figure  2.  3.  3-6,  is  essentially  two 
single-pole-32  throw  switches  in  parallel.  Each  of  the  two  switches  con- 
sists of  two  levels  of  SP4T  switches  and  a third  level  of  SPOT  switches. 

The  switches  are  again  designed  with  series  diodes  in  which  case  a total  of 
six  diodes  maximum  are  in  the  forward  bias  condition  and  98  in  a reverse 
bias  condition.  Failure  of  a diode  in  the  first  level  SP4T  switches  (b,  - b-,) 
results  in  a loss  of  64  beams.  Failure  of  a diode  in  the  third  level  SP2T 
switches  (d  j results  in  a loss  of  8 beams.  Failures  in  the  feed 

switches  result  in  losses  of  from  8 to  32  beams  depending  on  where  the 
faulty  switch  is  located.  A certain  amount  of  tolerance  to  failures  of  lower 
level  switches  (those  producing  a small  number  of  beam  outages)  can  be 
tolerated  provided  that  the  resulting  beam  "holes"  are  not  too  large  and 
tend  to  be  scattered  around  the  periphery.  One  option  is  to  deliberately 
randomize  switch  interconnections  to  assure  that  a switch  failure  will  not 
produce  large  contiguous  blocks  of  lost  coverage. 

Terminating  Switch 

The  Terminating  Switch,  shown  in  Figure  2.  3. 3 -7,  consists  of  a 90°, 

3 dB  coupler  with  two  parallel  diodes  for  switches.  With  the  diodes  in  the 
forward  bias  condition,  the  R.  F.  power  will  be  reflected  to  the  output  port 
and  will  only  be  subject  to  the  insertion  loss  of  the  coupler.  If  the  diodes 
are  in  the  reverse  bias  condition,  both  ports  of  the  coupler  are  terminated. 
With  this  approach,  a maximum  of  four  diodes  are  in  the  forward  bias  con- 
dition and  60  in  the  reverse  bias  condition  for  any  Beam  position.  Failure 
of  one  diode  will  make  proper  termination  of  two  ports  on  the  R-Lons  im- 
possible. The  actual  effect  on  radar  performance  is  difficult  to  predict 
but  will  not  be  substantial. 


2-82 


EACH  HOCK 

AN  «F  D«O0£  AND  ASSOCI- 
ATED WIVt  INTEHCONNFC^ION 


Figure  2.  3.  3-6  Feeding  Port  Switch 


2-83 


Transfer  Switch 

The  Transfer  Switch  (Figure  2.  3.  3-8)  is  essentially  a bridge  consisting 
of  four  SPST  switches.  The  switches  are  formed  using  two  parallel  diodes. 
The  use  of  two  diodes  quarantees  sufficient  isolation  between  the  input  and 
output  cables  (40  dB).  Use  of  parallel  diodes  minimizes  design  problems. 

In  each  of  the  64  transfer  switches,  half  the  diodes  are  in  the  forward  bias 
condition  and  half  in  the  reverse  bias  condition,  for  a total  of  256  diodes  in 
each  condition.  Failure  of  a diode  pair  will  completely  destroy  four  beams 
and  affect  in  varying  degrees  one-half  of  the  beams.  Failure  of  a single 
diode  will  not  completely  destroy  the  four  beams  but  will  affect  the  phase 
shift  of  the  R.  F.  signal  in  an  unpredictable  way,  thus  resulting  in  partial 
degradation. 

Quadrant  Switch 

The  Quadrant  Switch  (Figure  2.  3.3-9)  is  a SP4T  switch  made  up  with 
four  series  diodes.  A total  of  64  diodes  will  be  in  the  forward  bias  condi- 
tion and  192  diodes  in  the  reverse  bias  condition.  Failure  of  a diode  will 
affect  one-quarter  of  the  beams  in  different  degrees  depending  on  the  posi- 
tion of  the  associated  T-R  module  in  the  array  of  64  active  modules.  The 
beam  degradation  will  be  evidenced  by  a slight  loss  in  peak  gain  and  by  a 
rise  in  sidelobe  level.  A number  of  quadrant  switches  could  be  allowed  to 
fail  before  the  degraded  performance  became  critical. 

Control  Circuits 

The  control  logic  for  the  switches  is  dispersed  over  the  different  sub- 
assemblies  with  the  advantage  of  making  each  assembly  simple  to  test 
during  production  and  also  to  keep  interconnecting  cables  to  a minimum. 

All  logic  will  be  CMOS  with  negligible  power  dissipation  (less  than  500  mw 
for  all  the  logic).  Because  of  the  slow  switching  rates  of  the  switches 
(10  - 30  ^sec),  a simple  low  dissipation  switch  driver  is  used  and  the  only 
dissipation  will  be  in  the  switches  in  the  forward  bias  condition.  The  total 
power  dissipation  for  a single  R-Lens  assembly  will  be  21  watts  including 
logic  and  diode  driver  dissipation.  (There  are  205  diodes  in  the  forward 
bias  condition  with  100  mw  per  driver  dissipation  plus  500  mw  for  the 
logic). 
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It  should  be  noted  that  with  the  switching  matrix  fan-out  proposed, 
there  is  complete  symmetry  in  the  R.F.  signal  path  and  the  control  path. 
In  this  case,  an  R.F.  signal  path  is  not  influenced  by  any  control  signal 
from  a different  R.  F.  path.  This  concept  has  also  permitted  the  switching 
network  to  be  grouped  in  multiple  switch  modules  where  switch  and  control 
functions  are  hardwired  over  very  short  distances.  This  dramatically 
increases  the  reliability  of  the  azimuth  steering  network. 


tACH  W.OCIC  «fP«ES£NIS 
AN  RF  OlOOE  AND  ASSOCIATED 
DRIVE  INTERCONNECTION 


Figure  2.  3.  3-7.  Schematic  For  Terminating  Switch 


Figure  2.  3.  3-8.  Schematic  For  Transfer  Switch 
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igure  2.  3.  3-9.  Schematic  For  A Quadrant  Switch 


c)  Mechanical  Design 


Each  switch  assembly  has  been  broken  up  into  Field  Replaceable  Units 
(FRU)  considering  replacement  and  fault  isolation.  No  FRU  has  more  than  ten 
connectors  and  the  largest  size  is  Z7"  x 12”  x 2”,  Table  2.3.  3-1  shows  the  FRU 
breakdown  for  the  L-band  assembly. 


FRU 

A1 

A2  - A9 

AIO  - A63 


Table  2.  3.  3-1 
L-Band  Assembly 

Description 

Contains  ODD/EVEN  Switch  and  first 
level  feeding  switches  (a  and  b switches) 

Contains  second  and  third  level  feeding 
switches  (c  and  d switches) 

Contains  terminating,  transfer  and 
quadrant  switches  (e,  f,  and  h switches) 


Qty.  Req'd/R-Lens 
1 

8 

64 


The  construction  of  a typical  module  is  shown  in  Figure  2.3,  3-10.  All 
R.  F.  circuits  will  be  made  using  Teflon- Fiberglass  as  medium;  the  diodes  are 
inexpensive  glass  P.  1.  N.  diodes  which  will  operate  in  a temperature  range  from 
-65°C  to  +150°C  (-85°F  to  +300°F).  The  interconnecting  cables  will  be  made  of 
141  semi-risid  cable  and  SMA  connectors  (temperature  range;  -65°C  to  +200°r). 

d)  Alternative  Designs 

The  schematic  for  a UHF  lens  azimuth  distribution  system  is  shown  in 
Figure  2.3.3-11.  The  number  of  terminating,  transfer  and  quadrant  switches  is 
reduced  to  32  due  to  the  fewer  number  of  antenna  elements  to  be  fed  (128  versus 
2S6  for  the  Baseline).  However,  the  same  number  of  serial  switches  is  involved 
between  the  lens  output  and  the  radiating  stacks  at  UHF  and  L-Band.  The  number 
of  serial  switches  in  the  feeding  port  switch  is  reduced  by  one  (32  inputs  per  lens 
instead  of  64). 

The  module  FRU  breakdown  assumed  for  UHF  is  shown  in  Table  2.  3.  3-2. 
Although  the  UHF  subsystem  is  simpler,  the  number  of  FRU's  assumed  is  al»out 
the  same  per  lens  structure.  This  was  done  to  facilitate  placing  the  TRSSM's 
between  the  terminating/transfer  switches  and  quadrant  switches.  Positioning 
the  TRSSMs  at  this  point  reduces  their  number  by  a factor  of  four. 
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Figure  2.  3.  3-11.  UHF  Switch  Assembly  Schematic 


Table  2.  3.  3-2 


UHF  Assembly 

FHU  Description  Qty.  Req'd/Lens 


A 1 

Contains  ODD/ EVEN  switch  (a  switch) 

1 

A2  - A3 

Contains  first  level  feeding  port  switches 
(b  switches) 

2 

A4  - All 

Contains  second  level  feeding  port 
switches  (c  switches) 

8 

A12  - A43 

Contains  terminating  and  transfer 
switches  (e  and  f switches) 

32 

A44  - A75 

Contains  quadrant  switches  (h  switches) 

32 

One  additional  alternate  design  was  briefly  considered.  This  particular 
design  did  not  involve  the  use  of  an  R-2R  lens  but  rather  employed  a passive 
corporate  feed  network  to  distribute  exciter  power  to  a group  of  controllable 
digital  phase  shifters.  This  concept  is  illustrated  in  Figure  2.3.3-12.  Quadrant 
switches  - as  in  the  lens  concept  - further  distribute  the  energy  to  the  256  Base- 
line TRSSM's.  The  difficulties  with  this  concept  lie  in  fault  isolation  and  control 
complexity.  If  a phase  shifter  fails,  it  becomes  very  difficult  to  determine 
remotely  that  it  has  failed  as  each  path  no  longer  has  a simple  on-off  state.  Each 
phase  shifter  also  requires  a control  word  (not  a simple  on-off)  to  change  its 
phase  appropriately  for  each  beam  position.  For  these  reasons,  any  alternative 
involving  phase  shifters  was  dropped  from  further  consideration. 

It  is  possible  to  replace  the  R-2R  lens  with  a commutating  network  of  dif- 
ferential length  cables  and  switches.  Although  time  did  not  permit  this  approach 
to  be  evaluated  during  study,  it  will  be  addressed  during  the  coming  year. 
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TO/FROM 

TRSSM 


TO/FROM 

RCVli/EXClTER 


Figure  2.  3.  3-12.  Corporate  Feed/Phase  Shifter  Azimuth  Distribution  Network 
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Z.i.4  RECEIVER/EXCITER 


The  three  receiver  channels  in  the  baseline  system,  Figure  2.  3.4-1,  pro- 
vide the  additional  amplification  and  down  conversions  required  for  conversion  of 
the  received  nalog  ••■gnals  to  digital  in  the  A/D's.  Simultaneous  operation  of 
the  three  channels  with  each  operating  at  a different  frequency  is  required  to 
achieve  the  required  spatial  coverage  within  the  allotted  time  frame. 

The  exciter,  provides  RF  drive  for  the  transmitter  modules  as  well  as 
local  oscillators  for  the  receivers  and  BITE  signals  and  a timing  signal  for  the 
digital  processor. 

To  provide  the  frequency  diversity  required  for  target  detection  and  for 
simultaneous  reception  on  three  elevation  beams,  a combination  of  Surface 
Acoustic  Wave  (SAW)  and  crystal  oscillators  would  be  used  in  conjunction  with 
mixers  and  multipliers.  The  following  sections  contain  a more  detailed  descrip- 
tion of  the  Receiver/Exciter  subsystem. 

a)  Baseline  Design 

Pulse  to  pulse  frequency  diversity  in  transmit  in  the  baseline  exciter 
of  Figure  2.  3.  4-2  would  be  generated  by  mixing  the  multiplied,  pulse  shaped 
output  of  a 76  MHz  crystal  oscillator  (at  494  MHz)  with  the  selected  output  from 
one  of  six  available  SAW  oscillators  (fl  . „ n n)*  The  flo  - fIF  pro- 

duct  at  the  transmit  frequency  would  then  be  filtered  and  power  divided  and 

amplified  by  three  T/R  modules  (Figure  2.3.  4-1)  to  a level  of  approximately  60 
watts  peak.  With  the  anticipated  losses  in  switching,  cabling  and  in  the  signal 
distribution  of  the  azimuth  lens  system,  this  level  would  insure  adequate  RF 
drive  for  the  64  activated  T/R  modules  in  the  array. 

The  six  SAW  oscillators  operating  at  a frequency  of  approximately 
580  MHz  would  also  function  as  the  first  local  oscillators  {•»  1745  MHz)  in  the 
receive  down  conversion  process.  The  oscillators  would  be  arranged  in  a group 
of  three  (fl,  f2,  and  f3)  to  provide  sequential  transmissi^.n  tbro-.-.gh  three  eleva- 
tion beams  at  different  frequencies  and  the  simultaneous  r-.-cept;  0.1  of  all  three 
through  the  receivers  that  are  individually  tuned  to  receive  one  of  these  three 
frequency  bands. 
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Down  conversion  from  the  first  IF  of  494  MHz  in  the  receive  path  to  a 
76  MHz  second  IF  would  be  accomplished  by  mixing  the  receive  signal  with  a 
570  MHz  LO  signal  from  the  exciter.  This  570  MHz  LO  would  be  generated  by 
dividing  and  multiplying  the  76  MHz  crystal  oscillator.  The  76  MHz  oscillator 
would  also  provide  the  reference  signal  for  the  quadrature  detectors  and  (after 
division  to  4.  75  MHz)  for  the  A/D's.  BITE  signals  for  testing  the  receiver 
channels  would  also  be  made  available  by  coupling  off  a portion  of  the  signal  for 
the  transmitter  driver. 

Three  of  the  baseline  dual  conversion  receivers  configured  in  Figure 
2.  3.4-3  would  be  arranged  in  parallel  to  provide  for  the  simultaneous  reception 
of  the  three  elevation  beam  frequencies.  Sensitivity  time  control  (STC)  at  both 
the  1250  MHz  RF  frequency  and  at  the  76  MHz  2nd  IF  frequency  would  be  utilized 
to  reduce  the  dynamic  range  required  in  the  A/D  converters.  Bandpass  filters 
insure  that  each  receiver  processes  only  returns  in  the  frequency  band  it  has 
been  assigned. 

Following  the  STC  at  the  2nd  IF,  quadrature  detectors  will  supply 
video  outputs  for  the  eight  bit  A/D  converters.  The  STC's  will  operate  with  an 
R4  law  with  a runout  time  that  would  be  experimentally  optimized 

Based  on  reliability  analysis  (Section  2.6),  the  baseline  exciter 
requires  various  levels  of  redundant  protection  for  the  3,  6 and  12  month  main- 
tenance interval.  Some  redundancy  is  provided  by  having  dual  SAW  oscillators 
for  each  of  the  three  frequency  bands.  The  approach  chosen  with  its  use  of 
multiple  frequencies  and  of  multiple  channel  receiver  has  the  advantage  of  grace- 
ful degradation.  To  further  enhance  the  reliability,  off-line  standby  redundanc  y 
would  be  provided  in  both  the  receiver  and  exciter.  This  would  take  the  form  of 
parallel  receiver  and  exciter  paths  which  would  be  manually  switched  from  manned 
sites  into  service  in  the  event  of  a failure  in  these  chains.  Since  these  parallel 
units  are  normally  off,  the  only  increase  in  power  drain  is  that  created  by  switch- 
ing. The  method  of  switching  in  a sp>are  exciter  module  is  indicated  in  Figure 
2.  3. 4-1. 

With  each  receiver  requiring  between  25  and  35  watts  of  DC  power  and  the 
exciter  requiring  between  40  and  50  watts  range,  the  total  OC  power  consumption 
for  the  three  receivers  and  the  one  exciter  would  be  in  the  115  to  155  watt  range. 
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Figure  2.  3.4-3,  RCVR  Module  (L-Band) 


b)  Alternative  Designs 


The  Receiver/ Exciter  for  the  IJHF  version  would  be  similar  in  concept 
to  the  L-band  version  previously  described.  However,  since  the  operating  fre- 
quency at  UHF  is  close  to  the  first  IF  frequency  for  the  L-band  receivers,  a 
single  conversion  receiver  can  be  used  for  the  UHF  requirement.  There  the 
incoming  RF  signals  at  UHF  would  be  converted  directly  down  to  a 76  MHz  IF. 
Quadrature  detection  and  the  subsequent  A/D  conversion  would  be  as  before. 

A UHF  receiver  channel  block  diagram  is  shown  in  Figure  2.  3.  4-4. 


Since  only  two  elevation  beams  are  necessary  to  satisfy  the  specified 
detection  and  frame  time  criteria,  only  one  or  two  receive  channels  will  have  to 
be  carried  through  A/D  conversion. 

Although  a receiver  employing  R.  F.  amplification  only  would  be  easier 
to  implement  and  would  have  an  advantage  in  reliability  over  the  proposed  double 
and  single  conversion  receivers  at  L-band  and  at  UHF,  its  failure  to  provide 
adequate  rejection  for  undesired  signals  seriously  limits  its  usefulness  in  a 
minimal  ECM  environment.  Based  on  this  consideration,  the  TRF  receiver  does 
not  appear  to  be  an  attractive  solution. 

The  field  replaceable  unit  (FRU)  in  the  baseline  receiver /exciter 
system  would  be  a complete  exciter  module  or  one  of  three  receiver  modules. 
Typical  module  construction  of  either  the  receiver  or  exciter  is  illustrated  in 
Figure  2,  3.  4-5.  These  modules  would  be  stored  in  a single  cabinet  along  with 
the  signal/data  processor  (see  Section  2.3,5,  Figures  2. 3. 5-8  and  2. 3. 5-9). 

The  design  concepts  chosen  for  the  receiver/exciters  can  be  imple- 
mented with  either  conventional  components  or  with  MHIC  (Microwave  Hybrid 
Integrated  Circuit)  components.  With  the  MHIC  approach  to  design,  size  is 
reduced  and  coaxial  connectors  for  individual  components  are  not  used  internal 
to  the  overall  subsystem  modules.  For  purposes  of  this  study,  a conservative 
approach  has  been  followed  in  that  space  has  been  allowed  for  conventional  com- 
ponents, although  part  of  Raytheon's  approach  to  realizing  high  reliability  has 
been  to  avoid  connectors  internal  to  modules,  and  to  integrate  components  into 
subsystem  modules  to  minimize  connectors. 
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Figure  2.  3.4-4.  Rcvr  Module  (UHF) 


Anticipated  in  the  near  future  are  configurations  that  utilize  microwave 
circuits  executed  as  monolithic  IC's,  and  L-band  A/D  converters.  These  con- 
figurations and  associated  characteristics  will  be  evaluated  further  during  the 
coming  year. 

Z.i.5  SIGNAL/DATA  PROCESSOR 

In  order  to  maximize  the  system  detection  sensitivity  while  providing 
good  false  alarm  control,  Raytheon  considers  the  use  of  target  spectral  analysis 
and  adaptive  thresholding  on  a range /azimuth/doppler  cell  basis  a necessary  part 
of  a surveillance  system  where  primary  radar  data  is  the  basic  sensor  data.  The 

technique  chosen  to  define  the  overall  system  impact  for  unattended  operation  is 
that  of  the  parallel  array  of  self  contained  microprocessors  or  Common  Elements 
(C.  E. ).  This  C.  E.  is  used  for  both  signal  and  data  processing.  A functional 
diagram  of  the  parallel  processor  is  shown  in  Figure  2.  3.  5-1. 
a)  Common  Element  Approach  to  Processing 

The  historically  separate  signal  and  data  processing  functions  have 
been  combined  for  this  study  as  the  latest  concepts  in  processing  indicate  that: 

o Most  signal  processing  functions  can  be  efficiently  and 

economically  accomplished  in  software  - provided  that  high 
speed  (75  - 100  nanosec.  cycle  time)  microprocessors  are  used. 

o Similar  types  of  microprocessing  units  (with  small  modifications 
to  permit  optional  functions  such  as  hardwired  divide)  can  be  used 
for  both  signal  and  data  processing  functions. 

o The  inherent  parallelism  and  commonality  of  a multiple  micro- 
processor approach  to  processing  substantially  increases  reli- 
ability, maintainability  and  logistic  efficiency.  • 

A signal/data  processor  architecture  using  multiple  microprocessors 
designed  as  Common  Elements  (CE)  is  depicted  in  Figure  2.  3.  5-2.  This  partic- 
ular configuration  is  for  the  baseline  system  configuration;  however,  the  archi- 
tecture applies  to  all  configurations  differing  only  in  the  number  of  signal  proces- 
sing CE's  required.  In  this  concept,  a group  of  parallel  CE's  are  used  to  accom- 
plish the  traditional  signal  processing  functions.  A second  parallel  CE  set  per- 
forms the  data  processing  algorithms. 
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Figure  2.  3.  5-2  B^.seline  Processor  Configuration  Type  A CE  Configuration 


The  signal  processor  CE's  perform  identical  functions  for  different 
sequential  groups  of  input  range  gates.  The  number  of  range  gates  that  a single 
CE  can  handle  is  determined  by  the  time  available  for  processing,  the  com- 
plexity of  the  algorithms  and  the  speed  of  the  processor. 

The  data  processor  CE's  divide  the  total  processing  load  by  sectors. 
These  sectors  can  be  adaptively  changed  to  equalize  track  handling  loads  between 
the  CE's. 

For  both  types,  a spare  CE  can  be  rapidly  activated  by  changing  the 
logical  address  of  the  spare  to  that  of  the  failed  unit.  A spare  CE  is  shown  in 
both  the  signal  and  data  processing  set  in  Figure  2.  3.  5-2.  The  number  of  spares 
required  varies  with  the  system  configuration  (number  of  range  gates  per  unit 
time)  and  the  unattended  design  time  (3,  6 or  12  months). 

A radar  controller  performs  the  functions  of  system  synchronization 
and  system  reconfiguration.  Data  bus  structures  with  built-in  redundancy  are 
used  to  interface  with  the  receivers,  IFF,  Built-in-Test  Equipment  (BITE),  a 
small  maintenance  display  (for  checking  a repaired  system),  and  between  the 
CE's  themselves. 

b)  Processing  Requirements 

The  basic  processor  functions  are  listed  in  Table  2.  3.  5-1.  The  func- 
tional requirement  is  also  shown  as  well  as  the  recommended  technique  to 
implement  the  function. 

One  of  the  key  advantages  of  the  CE  approach  lies  in  its  ability  to  be 
easily  adapted  (by  reprogramming)  to  different  techniques  as  they  become  avail- 
able. 

The  processing  functions  are  shown  in  block  diagram  form  in  1-  tgure 
2.  3.5-3  to  show  their  relationships.  The  A/D  converter,  a function  usually 
associated  with  signal  processing,  is  not  shown.  The  A/D  converters  are 
packaged  with  the  receiver  channel  modules  to  reduce  sampling  jitter.  A 10  bit 
(9  bit  data  plus  sign)  A/D  is  used  with  each  in  phase  (I)  and  quadrature  (Q) 
channel.  For  various  system  configurations,  the  number  of  simultaneous  re- 
ceiver inputs  ranges  from  1 to  6 (2  to  12  I &,  Q channels).  The  clutter  improve- 
ment  factor  limitation  with  this  number  of  bits,  assuming  a noise  level  higher 
than  the  least  significant  bit,  is  about  60  dB. 
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Table  2.  3.  5-1 

Signal/Data  Processor  Functions 


Function 

• Signal  visibility 


• Ground  clutter 
rejection 

• Weather  clutter 
rejection 

• CFAR 


• Target  Estimation 


• Target  tracking 


• ECCM 


« Radar  Control/ BITE 


Baseline 


Requirement 

Vq  = 7 dB(per  pulse) 

Technique 

Spectral  filtering, 
freq.  agility,  incoh. 
integration 

= 45  dB 

(95  percentile  clutter) 

Spectral  filtering 

1^  = 20  dB 

Spectral  filtering 

Noise: 

Clutter: 

Saturation: 

Range  average 

Clutter  map 

Interference  editor 

Range:  0.  25  NM 

Azimuth:  0.  5° 

Range  rate:  1 filter 

Range  centroid 

Monodwell 

Filter,  multiple  PRF 

TI  Time  = 16  sec 

False  TI  rate  = 1/hr. 

Track  Drop  = 12  sec 

3/4  scan  correlation 
CFAR 

0/3  scan  correlation 

Strobe  reporting 

Jamming  suppressing  | 

CFAR  threshold  variation 
Sidelobe  blanking 

Spectral  Filtering 
Frequency  diversity 

CFAR 

- 

Radar  controller 
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The  Baseline  radar  transmits  two  batches  of  8 pulses  each  on  the 
target  in  one  beam  position.  Each  is  at  a different  RF  frequency  (to  reduce  target 
fluctuation  losses)  and  pulse  repetition  frequency  (to  remove  blind  velocities  and 
resolve  ambiguities).  The  first  pulse  is  used  to  load  the  2-pulse  MTl  and  the 
remaining  eight  pulses  are  processed  by  the  MTI  and  an  8-point  FFT.  A thresh- 
old crossing  on  1 of  2 dwells  is  required  for  a target  detection.  For  these  con- 
ditions and  the  track  initiation  requirements  of  0.  95  detection  probability,  1 hour 
between  false  track  initiations  and  a detection  rule  of  three-out-of-four  (3/4) 
scans,  and  a visibility  factor  (V^),  i.  e.  , signal-to-noise  ratio  per  pulse  of  12,7 
dB  is  required.  (See  analysis  i.i  Section  2,  7.  1).  These  values  apply  to  the  L- 
band  baseline  configuration.  Alternative  configuration  requirements  are  given 
in  Section  2,  7.  1. 

A 2-pulse  digital  MTI  may  be  used  ahead  of  an  8-point  FFT  to  achieve 
a sharp  cut-off  ground  clutter  filter  with  a minimum  of  processing.  This  com- 
bination yields  the  doppler  response  shown  in  Figures  2.  7.  2-3  and  2.  7.  2-4  in 
.Section  2.7  for  calculated  values  of  ground  and  weather  clutter  for  L-band  and 
UHF  respectively.  The  clutter  rejection  is  48  dB  or  better  for  filters  three 
through  six  for  both  frequencies.  The  improvement  capiability  in  filter  two  is 
about  30  dB  for  the  L-band  baseli  •.  UHF  performance  in  this  filter  and  in 
filters  one  and  seven  is  better. 

Alternate  approaches  to  achieve  this  type  of  response  involve  the 
design  or  generalized  Finite  Impulse  Response  (FIR)  doppler  filters  with  non- 
uniform  frequency  response  optimized  against  a specific  interference  model.  An 
example  of  the  optimum  envelope  of  doppler  responses  achievable  with  this  approach 
is  given  in  Figures  2.  7.2-5  and  2.7.  2-6  for  L-band  and  UHF  respectively.  The 
improvement  in  the  low  filters  is  obvious.  The  analysis  of  the  two  approaches  is 
presented  in  Section  2.  7.2. 

The  potential  penalty  paid  for  this  improvement  in  clutter  rejection  is 
software  complexity  (more  multiplies).  Eight  multiplies  are  required  to  an  eight- 
point  FFT  while  128  multiples  are  necessary  to  perform  the  equivalent  FIR.  In 
addition,  the  number  of  bits  required  in  the.  multiply  is  greater  in  the  FIR  imple- 
mentation (typically  12)  than  with  an  FFT/MTI  configuration.  A software  multiply 
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I 

I (Booth  algorithm)  thus  would  require  substantially  greater  machine  time  with  a 

FIR  implementation.  Another  alternative  is  to  use  an  MTI  ahead  of  a generalized 
FIR  network.  This  approach  reduces  the  number  of  bits  required  per  multiply  in 
the  FIR  to  about  4 bits.  The  relative  complexity  and  performance  of  these  filters 
will  l>e  examined  versus  the  MTI/FFT  approach  during  the  coming  year. 


Range  average  CFAR  logic  is  used  to  set  the  threshold  on  each  filter 
adaptively  to  reject  weather,  ECM,  impulse  interference,  and  changes  in  the 
noise  background.  The  16  range  gate  average  consists  of  8 range  gates  on  either 
side  of  the  cells  that  are  examined  for  a target  Z NM  for  4.  8 usee  range 

samples  or  _f0.  8 NM  for  1.  2 usee  samples). 

A clutter  map  accumulates  history  of  the  zero-doppler  clutter  returns 
from  the  zero-doppler  filter  to  control  the  target  threshold  of  the  zero-doppler 
channel.  Targets  larger  than  the  clutter  in  any  range /azimuth  clutter  map  cell 
are  detected  and  merged  with  detections  from  the  other  filters.  Because  of  the 
inability  of  the  clutter  map  to  control  single  false  alarms  a track  is  not  initiated 
from  the  clutter  map. 

An  interference  editor  is  used  to  suppress  large  point  clutter  which 
exceeds  the  dynamic  range  of  the  A/D  converter.  If  the  average  value  of  the 
nine  pulses  at  the  output  of  either  the  I or  Q A/D  converter  is  within  a pre- 
determined value  of  the  maximum  A/D  level,  then  that  range  gate  is  suppressed. 

Target  parameter  estimation  is  accomplished  conventionally  by 
centroid  techniques, 

ECM  profiles  (strobe  reports)  can  be  determined  by  monitoring  the 
average  CFAR  threshold  in  a coherent  processing  interval  (CPI)  level.  These 
will  be  the  greatest  when  the  mainlobe  is  pointed  at  the  jammer,  Sidelobe 
blanking  also  eliminates  jamming  inputs  except  at  the  mainlobe,  thus  pointing 
out  the  jammer  azimuth.  The  signal  processor  has  inherent  capabilities  to 
suppress  ECM,  both  brute  force  noise  and  deception.  See  Section  2,7,3  for 
an  analysis  of  ECCM  techniques. 
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Table  2.  3.  5-2 


Data  Processing  Functions 


Type 

Function 

Peak  Rate 

Alarm  Inputs 

Accept  alarms 

2 0 / c pi 

Single-scan  detections 

Alarm  correlation  (1/2) 

10/cpi 

Track  initiation 

Detection  correlation  (3/4) 

40/ scan 

T rack 

Continued  detections  (1/3) 

40/8can 

Drop  T rack 

No  detections  (0/3) 

40/8can 

IFF  correlation 

Designate  to  IFF,  compare 

40/8can 

res  ponse 

Communication 

Send  track/IFF/BITE 

40/8can 

output 

report 

The  signal  processing  alarms  are  passed  to  the  data  processor  CE's 
for  each  CPI.  The  primary  data  processing  functions  are  track  initiation,  track 
and  interface  (IFF,  BITE,  communications,  radar)  control.  The  definition  of 
the  data  processing  variables  and  the  estimated  frequency  is  given  in  Table 
2.  3.  5-2. 

The  software  requirements  to  handle  the  functions  described  for  the 
signal  processor  have  been  analyzed.  The  most  efficient  algorithm  to  imple- 
ment any  given  fimction  has  been  sought;  however,  it  is  evident  that  considerable 
work  has  yet  to  be  done  in  this  area.  The  estimates  for  the  number  of  signal 
processing  instructions  is  shown  in  Table  2.  3.  5-3.  The  instructions  are  the 
number  executed  in  any  coherent  processing  interval  by  each  C.  E. 

The  data  processing  instruction  estimate  is  given  in  Table  2.  3.  5-4. 
These  estimates  are  based  upon  implementation  of  similar  algorithms  in  pre- 
vious developed  systems  and  the  rates  given  in  Table  2.  3.  5-2. 
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Table  2.  3.  S-3 

Signal  F’rocessing  Algorithms 


Algorithm 

Spectral  Filtering  (optimum) 

Magnitude 

CFAR 

Alarm  Output 
Interference  Detector 
Zero  Doppler  Filter 
Clutter  Map 
ECM  Profiles 


Instructions 

300 

92 

98 

14 

100 

24 

50 

(50)  ECCM  configuration 
Total  (728)  Instructions  per  CPI 


c ) Common  Element  Design 
Basic  Architecture 

The  baseline  common  element  architecture  is  shown  in  Figure  2.  3,  5-4. 
The  leading  edge  of  a single  phase  clock  is  used  to  synchronously  clock  the 
rriic ro- instruction,  the  A,  B and  F registers.  The  new  ALU  output  is  valid 
at  the  end  of  the  clock  cycle.  The  micro-instructions  are  overlapped  to 
give  an  instruction  thru  put  rate  equal  to  one  cycle  as  shown  in  Table 
2.  3.  5-5. 
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Computer  Instructions  Number  of  Computer 

16  Bits  Instructions 


Figure  2.  3.5-4.  Common  EJement  Architecture 


Table  2.  3.  5-5 


PM 


Overlapped  Instructions 


Inst.  # 


A DDR 

LOAD 

ALU 

STORE 

1 

PM 

ADDR 

LOAD 

ALU 

STORE 

2 

PM 

ADDR 

LOAD 

ALU 

STORE 

3 

PM 

ADDR 

LOAD 

ALU 

STORE 

4 

PM 

ADDR 

LOAD 

ALU 

STORE  5 

t — U - inst  for  Cycle  N 


With  even  and  odd  memories  a single  instruction  can  be  load,  arthi- 
metic  or  logical  and  store.  The  programmed  instruction  requires  5 
machine  cycles  to  complete,  but  with  overlapped  micro-instructions,  the 
pipeline  instruction  requires  only  1 machine  cycle  of  real  time. 

A hardware  multiplier  is  in-line  with  the  odd  memory  to  perform  the 
following  operation. 

z = y a • X 

Where  a is  a constant  coefficient,  and  x and  y are  either  data  points  or 
intermediate  results. 

The  F output  register  and  scaling  allow  the  ALU  output  to  be  stored 
in  the  even  or  odd  memory  scaled  or  unsealed. 
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The  F output  scaling  allows  the  FFT  to  be  left  justified  and  use  divide 
by  two  scaling.  This  maximizes  dynamic  range  and  minimizes  the  effect 
of  arithmetic  noise  due  to  multiply  truncation  and  coefficient  quantization 
due  to  finite  register  lengths. 

The  signal  processing  CE  interfaces  and  memories  are  shown  in 
Figure  Z.  3.  5-5.  The  interchange  of  CFAR  alarm  data,  program  loading, 
inspect  and  change  of  data  and  programs  is  via  the  data  processor  two- 
port  RAM  interface  with  the  common  bus.  This  same  loading  technique 
was  first  used  on  TSR.  The  operational  programs  will  be  stored  in 
PROMS  and,  therefore,  will  not  have  to  be  loaded.  The  distributed 
memories  for  input  storage  and  clutter  map  memories  are  also  shown 
on  Figure  2.  3.  5-6. 

The  CE  architecture  shown  in  Figure  2.  3.  5-4  utilizes  a low  power 
Schottkv  181  MSI  arithmetic  logic  unit  (ALU).  This  ALU  is  a generally 
available  device  with  a cycle  time  of  about  100  nsec.  An  alternate  design 
currently  being  pursued  at  Raytheon  incorporates  a low  power  Schottky 
2901  ALU  with  a somewhat  longer  cycle  time  (150  - 200  nsec),  but  with 
several  Integrated  features  which  might  make  certain  types  of  algorithms 
more  efficient.  One  of  these  devices  shall  be  selected  for  design  and 
development  of  the  CE  processor. 
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igure  2.  3.5-5.  Common  Element  Block  Diagram 
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Figure  Z.  Z.b-b.  CE  Speed  Power  Trades 


Speed- Power  Trade 

The  selected  baseline  IC  technology  is  low  power  Schottky  as  this 

type  has  the  best  speed-power  consumption  product  generally  available 

to  date.  The  hope  for  very  low  power  rests  with  integrated-injection 
2 

logic  (1  L)  when  it  becomes  available,  which  is  estimated  to  be  about 

1980.  The  speed-power  tradeoffs  available  now  (1976)  and  by  1980  are 

shown  in  Figure  2.  3.  5-6.  The  1976  estimates  are  based  on  low  power 

Schottky  and  the  memories  indicated.  The  example  point  shown  is  based 

on  low  power  Schottky  logic  and  a Silicon  on  Sapphire  (SOS)  memory 

2 

recently  introduced.  The  80's  estimate  assumes  I L logic  plus  the 
memories  as  shown. 

The  second  generation  I^L  integrated  circuits  will  have  on-chip  low 

2 

power  Schottky  interfaces.  Third  generation  1 L will  be  a family  of  IC's 

2 

for  direct  interfacing  at  the  1 volt  1 L levels.  External  pull-up  resistors 
will  be  used  for  the  1 volt  to  5 volt  interface  with  TTL  logic. 

2 

If  high  volume  production  is  the  design  goal  for  the  new  one  volt  1 L 

logic  family,  then  the  basic  low  power  Schottky  building  blocks  will  most 

2 

likely  be  available  in  the  I L logic  family.  There  is  some  concern  that 
only  high  volume  LSI  devices  will  be  available.  If  this  is  the  case,  the 
most  efficient  LSI  device  will  be  a custom  LSI'ed  common  element. 

The  speed  power  trade  is  to  define  a design  using  the  basic  low  power 
Schottky  IC  building  blocks  and  evaluate  LSI  devices  in  terms  of  speed 
and  power  performance.  One  trade  is  the  basic  ALU  configuration  using 
the  54LS181  and  the  LSI  AM2901  and  9405  devices.  Other  LSI  devices  are 
the  AM2914  vectored  priority  interrupt  encoder  plus  others  that  need  to 
be  considered. 

Multiplier  Options 

The  8 and  16  point  Fast  Fourier  Transform  (FFT)  or  finite  impulse 
response  (FIR)  dopplcr  filters  can  trade  multiplier  hardware  speed  and 
power  at  both  the  system  level  and  the  hardware  design*  level. 
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The  system  trade  is  whether  to  use  the  optional  in-line  hardware 
multiplier  or  an  optional  shift  register  for  the  modified  Booth  multiply 
algorithm.  The  8 point  FFT  requires  only  8 real  multiplies  by  l/.-^. 

The  all  zero's  FIR  or  transversal  doppler  filters  require  8 or  9 bit 
coefficients  without  an  MTI  clutter  notch  and  only  4 bit  coefficients  with 
an  MTI  clutter  notch.  With  4 bit  coefficients  the  programmed  Booth 
algorithm  is  approximately  the  same  speed  as  the  in-line  hardware  multi- 
plies. The  programmed  multiply  time  depends  on  the  number  of  bits  in 
the  constant  coefficient  set  equal  to  1. 

The  16  point  transform  requires  32  two  point  transforms  to  translate 
signals  from  the  time  domain  to  the  frequency  domain.  A programmed 
FFT  can  take  advantage  of  the  fact  that  most  of  the  multiplies  are  by  0, 

90  and  45  degrees  as  sho  -n  in  Table  2.  3.  5-6. 

Table  2.  3.  5 6 
16  Point  FFT  Multiplies 

Complex  Multiplies  Real  Multiplies 

22  by  1 (0  or  90°)  0 

1 

6 by  fz  (45° ) 12 

4 by  cos  N22.  5°  + sin  N22.  5°  16 

N = 1,  3,  5 or  7 

Total  32  Complex  28  Real 

In  general  purpose  hardware, 32  complex  multiplies  require  128  real 
multiplies.  A special  purpose  FFT  program  for  a 16  point  transform  can 
reduce  the  number  of  real  multiplies  by  approximately  a factor  of  5. 

The  in-line  hardware  multiplier  has  the  advantage  for  32  and  larger 
point  FFT  transforms. 

The  hardware  design  trade  will  be  to  evaluate  in-line  hardware  multi- 
plier designs  in  terms  of  speed,  power,  cost,  operating  temperature  range 
and  mechanical  mounting  constraints.  The  TI  54284,  54285  and  AMD's 
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Z5S05  MSI  multiplier  IC's  can  be  used  to  evaluate  LSI  devices  like  the 
TRW  MPY-16AJ  16  x 16  array  multiplier  or  other  LSI  multipliers  such 
as  the  Monolithic  Memory  6755  device. 

The  signal  processing  functions  are  distributed  among  the  CE's  in 
range  with  each  CF3  processing  a batch  of  range  gates.  The  bulk  memories 
for  input  storage  and  clutter  maps  are  also  distributed.  The  number  of 
signal  processing  common  elements  can  be  estimated  as, 

(Nr)(Nc)  Tgp 

CEsP  ■ CP' 

where  CPI  = coherent  processing  interval 

T„^  = time  to  execute  complete  signal  processing  instruction 
set  for  one  range  gate 

Nj^  = number  of  range  gates 

N„  = number  of  receiver  channel  inputs 

For  an  average  PRF  of  1150  Hertz  and  a nine  pulse  dwell,  the  CPI  is 
7.83  msec.  If  the  instruction  set  shown  in  Table  2,  3.  5-3  were  all  simple 
instructions  such  as  adds,  then  each  instruction  would  take  one  cycle  as 
illustrated  in  Table  2.  3.  5-5.  Multiplication,  however,  either  hardwired 
or  programmed,  takes  longer.  To  account  for  the  added  time  for  a mix 
of  simple  instructions  with  multiplies,  a total  signal  processing  time  Tgp 
equal  to  about  1000  cycles  is  assumed.  Figure  2,  3.  5-7  shows  the  number 
of  signal  processing  CE's  required  as  a function  of  cycle  time  for  several 
range  gate  sampling  times.  For  a 100  nsec  device,  that  number  is  about 
6. 

In  signal  processing  the  multipliers  are  all  by  constant  coefficients 
and  are  required  to  have  a high  thruput  rate.  In  data  processing  the 
multiplies  and  divides  are  by  variables  for  interpolation  algorithms.  With 
a slower  thruput  rate  requirement,  the  multiplies  and  divides  can  be  done 
with  a modified  Booth  algorithm.  For  data  processing  CE's,  the  optional 
shift  network  between  the  B output  and  local  bus  shown  in  Figure  2.3.  5-4 
would  be  required  for  multiplies  and  devides. 
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The  number  of  data  processing  CE's  can  be  evaluated  with  the  aid  of 
of  Table  3.  5-4  by 


^CE 

(Nt)  Tpp 

where 

= number  of  targets 

^DP 

= time  to  execute  complete  data 

processing  instructions 

for  worst  case  load,  i.  e.  , all 

new  track  initiations 

'I's 

= scan  time  —4  sec 

The  number  of  16  bit  computer  instructions  from  Table  2.  3.  5-5  is 
6,000.  Assuming  a mix  of  simple  (loads,  adds)  and  more  complex 
instructions,  a conservative  average  of  15  microcode  primitive  operations 
would  be  required  per  instruction.  The  further  conservative  assumption 
is  made  that  the  instruction  overlapping  feature  (pipelining)  described 
earlier  is  not  generally  applicable  to  data  processing.  Then  the  number 
of  CE  cycle  times  per  average  data  processing  instruction  is  15  (worst 
case)  assumptions.  Further  assuming  a factor  of  two  for  overhead  (inter- 
rupts, I/O,  etc.  ),  the  time  to  handle  one  target  is  about  18  msec. 

Thus,  for  a maximum  load  of  100  track  initiations  (true  and  false) 
on  one  scan,  two  CE's  would  be  more  than  adequate. 

Reliability  Issues 

The  common  element  architecture  shown  in  Figure  2.  3.  5-4  allows  a 
failed  element  to  be  disabled  and  a spare  element  enabled  to  cover  the 
address  space  of  the  failed  element.  The  other  major  failure  source  is 
the  busing  of  control  signals  and  data. 

i 

A fault  tolerant  bus  architectures  is  currently  being  investigated. 

In  this  method,  18  data  lines  plus  spares  (for  a 16  bit  ALU)  are  utilized 
per  bus.  An  optimal  Hamming  Code  parity  bit  algorithm  is  used  which 
is  capable  of  detecting  two  or  correcting  one  error.  The  bad  data  line 
can  be  reconfigured  with  a sp>are. 
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Mechanical  Construction 


The  signal/data  processing  functions  would  be  designed  and  fabricated 
for  standard  si/.ed  Augat  8200  series  cards  with  a capabity  of  180  inte- 
I grated  circuits.  These  c.ards  would  be  mountefi  in  a drawer  of  a cabinet 

along  with  the  receiver  exciter  modules.  The  cabinet  construction  is 
illustrated  in  Figure  2,  3.  5-8  (fniwt  view)  and  2.  3.  5-9  (rear  view). 

Space  for  bO  Augut  cards  would  be  available  which  should  be  sufficient 
to  handle  most  configurations. 


1 


I 
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Unattended  Radar  .System,  Front 
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Figure  2.  3.  5-9.  Receiver  and  Processor  Cabinet 
Rear  View  (Type  A) 


2-122 


Possible  Alternative 


An  alternative  option  which  requires  further  investigation  is  the 
emerging  technology  of  charge  coupled  devices  (CCD). 

CCD  technology  promises  devices  with  excellent  speed-power  pro- 
ducts and  very  high  functional  density  per  integrated  circuit. 

CCD  may  be  implemented  as  either  analog  or  digital  devices. 

Analog  CCD's  possess  the  advantage  of  very  low  power  consumption. 

The  use  of  digital  CCD  implies  several  distinct  advantages  over  analog. 
These  include  the  inherent  noise  immunity  of  digital  circuits  and  the 
flexibility  of  digital  functions.  A fully  programmable  function  can  be 
created  with  CCD's. 

An  inherent  disadvantage  of  analog  CCD's  is  their  limited  memory 
retention  time  ( ' 1 second).  This  is  overcome  in  digital  CCD's  by  re- 
freshing the  data  on  a periodic  basis.  The  power  required  for  data  refresh, 
however,  places  digital  CCD  memory  at  a disadvantage  with  regard  to 
CMOS/505  memory  now  available. 

A possible  hybrid  signal  processing  configuration  could  employ 
analog  CCD's  for  the  spectral  filtering  and  associated  functions  while 
either  digital  CCD's  or  bipolar  elements  could  be  used  for  those  functions 
requiring  considerable  memory  such  as  the  clutter  map  and  CFAR. 

CCD  technology  is  being  pursured  in  a number  of  laboratories, 
including  Raytheon,  at  the  current  time.  Some  devices  have  been  produced 
which  show  great  progress.  However,  digital  CCD  devices  are  not 
generally  available,  and  it  appears  that  their  commercially  introduction  is 
several  years  away.  Some  analogue  CCD  devices  are  currently  available. 

For  the  piurpose  of  this  study,  CCD  technology  was  not  considered  as 
reliable  costand  failure  rate  data  was  not  available.  However,  the  poten- 
tial of  CCD  devices  to  greatly  reduce  the  requirement  for  processinp 
power  is  a powerful  agreement  not  to  overlook  this  new  technology.  The 
use  of  CCD's  will  be  examined  in  greater  detail  in  the  coming  year. 
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2.4  BITE  SUBSYSTEM 


As  shown  previously  one  of  the  driving  requirements  for  unattended 
operation  is  the  3 hour  visit  for  repair.  This  in  turn  dicated  the  need  for 
a priori  knowledge  of  which  FRU  has  failed  before  the  site  is  visited.  An 
extensive  BITE  concept  has  been  developed  for  the  system  which  continually 
excersizes  the  system  FRU's  for  a good/bad  indication.  This  excersizing  of 
the  system  is  performed  at  a reasonably  slow  rate  (»  one/hour)  which  permits 
a single  microprocessor  chip  such  as  the  8080  to  control  all  BITE  functions. 

It  should  be  noted  that  if  a "godhead"  of  the  system  operation  is  to  be  identified 
it  is  the  BITE  microprocessor  and  as  such  must  be  nearly  foolproof.  This  fool- 
proofing is  accomplished  by  voting  amongst  a number  of  8080  chips  to  determine 
the  likelihood  of  the  data  being  valid.  The  small  size  and  cost  of  the  8080  make 
this  form  of  reliability  feature  very  attractive. 


i 

2.4.1  BITE  PLAN 

The  Type  A radar  network  is  assumed  to  be  divided  into  groups  of 
12  unattended  sites  associated  with  a single  manned  Logistics  Node  (LN).  Each 
unattended  site  reports  periodically  to  the  Logistics  Node.  The  periodic  report 
contains  radar,  IFF  and  BITE  status  data. 
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A noneral  block  flianram  of  the  BITE  concept  is  stiown  in  Figure 
2.4.  1-l.The  remote  (unattended)  site  major  subsystem  is  shown  along  with 
the  essential  BITE  elements  for  both  the  unattended  site  and  the  I.ogistics  Node. 
Under  the  direction  of  the  remote  BITE  Processor,  periodic  testing  by  signal 
injection  or  sampling  techniques  permits  the  detection  of  equipment  faults  and 
the  isolation  of  these  faults  to  the  nearest  field  replaceable  unit  (FRU).  This 
fault  data  is  then  set  to  the  Logistics  Node  BITE  subsystem. 

At  the  Node,  data  from  all  remote  sites  is  evaluated  and  stored.  A 
failed  FRU  for  which  an  unused  spare  is  available  can  be  switched  out  of  the 
system  and  the  spare  activated  under  remote  command  from  the  Node  operator. 

The  fault  evaluation  at  the  Node  also  determines  if  a radar  perfor- 
mance at  a given  remote  site  is  the  minimum  needed  to  postpone  a repair  trip 
or  whether  repairs  are  required  immediately.  If  immediate  repair  is  war- 
ranted, then  the  Node  BITE  processor  can  be  conrunanded  to  print-out  a detailed 
list  of  required  FRU's  to  be  replaced. 

2.4.2  FAULT  ISOLATION 

The  primary  technique  of  achieving  fault  isolation  to  the  nearest 
FRU  is  by  signal  injection  and  sampling.  These  two  techniques  determine  if 
a fault  exists  anywhere  in  the  unattended  system.  In  several  specific  instances, 
subsequent  BITE  testing  is  required  to  further  isolate  faults.  Provision  is  also 
made  to  transmit  back  to  the  Node,  upon  command,  certain  types  of  raw  data  to 
permit  refined  analysis  of  the  system's  performance  under  marginal  conditions. 


RING  ARRAYS 


f 
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-I  Type  A BITE  Concept 


The  number  and  type  of  FRU's  are  shown  in  Table  2.4.  1.1.  All  of 
these  units,  with  the  exception  of  the  processor,  are  self-contained  modules. 
These  module  limits  were  established  to  yield  a small  number  of  external  con- 
nection points  which  must  be  broken  for  removal.  An  additional  constraint  was 

to  keep  a single  module's  cost  reasonably  low  to  reduce  the  number  of  expensive 
units  required  in  the  logistics  pipeline.  The  processor  FRU's  are  printed  circuit 
cards  (PCR)  and  consist  of  common  element  (CE)  processors  and  several  other 
units  such  as  the  radar  controller  and  input/output  circuits.  It  is  not  clear  at 
this  time  whether  or  not  an  FRU  can  readily  be  broken  down  to  a single  card. 
Much  depends  on  the  size  of  the  card  (Augut  or  standard  size  printed  circuit) 
and  a more  detailed  design  of  the  processor  itself.  In  any  case,  the  maximum 
number  of  cards  per  FRU  appears  tq  be  about  two.  This  investigation  will  be 
pursued  during  the  coming  year. 

The  generalized  signal  injection  and  sampling  points  are  shown  in 
Figure  2.  4.  1-1. 

The  two  basic  tests  which  are  performed  periodically  are  the  transmit- 
receive  solid  state  module  (TRSSM)  sampling  test  and  the  pilot  pulse  signal  in- 
jection test.  Both  of  these  tests  are  performed  sequentially  (on  a TRSSM  or 
antenna  element)  as  the  beam  scans  around  the  ring  array.  This  relatively  low 
rate  of  change  of  sampling  position  conserves  power  consumption  as  the  switching 
logic  can  be  relatively  slow  speed  CMOS. 

The  following  paragraphs  describe  the  tests  for  the  Baseline  Con- 
figuration. For  a detailed  description  of  the  Baseline  subsystems  the  reader 
is  referred  to  the  appropriate  preceding  Sections  (2.  3.  1 through  2.  3.  5). 

a)  Transmitter/Azimuth  T.ens  Test 

The  transmitter  and  azimuth  lens  tests  are  combined  because  the 
operation  of  the  azimuth  lens  and  its  switching  network  is  determined 
entirely  through  observing  each  transmitter  performance  over  the  360° 
scan  interval.  The  first  time  a transmitter  is  activated,  its  operating 
condition  is  determined.  The  subsequent  observations  of  that  unit  (255) 
are  made  for  the  sole  purpose  of  determining  that  the  lens  switch  is 
operating  properly  for  that  transmitter  unit. 
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Table  2.  4.  1-1  Baseline  Radar  Field 

Replaceable  Units  (FRUs) 

FRU  NO.* 

1.  ANTENNA  ELEMENT  256 

(INCLUDES  RADIATING  ELEMENTS,  FEED 

NETWORK,  BITE  INJECTION  AND  INTER- 
CONNECTIONS 

2.  TRSSM  256 

3.  TERMINATING/TRANSFEI^QUADRANT  switches  192 

4.  INPUT  SWITCH  DIVIDERS  (2ND  TIER)  24 

5.  INPUT  SWITCH  DIVIDERS  (1ST  TIER)  3 

6.  DRIVER  TRSSM  3 

7.  RECEIVER  CHANNEL  3 

8.  EXCITER  1 

9.  SIGNAL  PROCESSOR  CE  6 

10.  DATA  PROCESSOR  CE  2 

11.  RADAR  CONTROLLER  1 

12.  OTHER  SIGNAL  PROC.  LRUs  4 

13.  BITE  PROCESSOR  1 


‘EXCLUDING  STANDBY  SPARES 


2-128 


Th«'  transniittor  ti-st  clptcrniines  that  the  power  amplifier  is  operational 
and  the  antenna  is  being  properly  loaded.  The  presence  of  the  three  fre- 
quency components  indicates  that  the  exciter  is  functioning  correctly.  This 
information  is  obtainable  by  monitoring  the  power  amplifier  bias  for  the 
three  intervals  of  the  transmitter  pulse. 

As  the  monitoring  of  that  unit  continues  for  a total  of  256  pulse  groups, 
an  operational  profile  is  obtained.  Proper  operation  of  the  azimuth  lens 
and  switch  position  is  indicated  when  the  transmitter  is  activated  for  64 
consecutive  times  and  quiescent  for  192  consecutive  times.  Should  there 
Ix'  a l)reak  in  tiie  series  of  "ons”  or  an  "on"  during  the  period  the  unit 
should  be  quiese»;nt,  a prol>l*'m  in  iizimutii  Icns/switch  system  is  indicated. 
The  rules  which  are  applied  ti^  diagnose  the  problem  to  the  faulty  FRU  are 
shown  in  Table  2,  4.  2-1. 

Sometimes  the  data  acquired  during  one  azimuth  position  profile  are 
sufficient  to  isolate  a problem.  In  other  instances  more  data  from  related 
azimuth  positions  are  required.  If  the  additional  data  have  not  been  re- 
ceived yet,  the  discrepancies  of  the  current  profile  (rather  than  the  entire 
profile),  are  stored  for  later  use.  By  reducing  the  data  stored  to  essentials 
the  total  memory  storage  required  diminishes  by  two  orders  of  magnitude. 

The  maximum  time  to  detect  all  faxilt  in  the  transmitter  or  azimvith 
sti-ering  is  about  one-half  hour.  This  maximum  would  occur  if  a re- 
latively minor  failure  (one  that  essentially  degraded  one  element  on  one 
beam)  occurred  for  the  last  position  tester.  The  large  majority  of  faults 
would  be  detected  within  a few  frames,  particularly  if  some  type  of 
optimized  search  such  as  a "binary"  search  were  used.  This  search 
implies  testing  elements  at  opposite  (180°)  ends  first  then  at  90°,  then 
45°,  etc.  Thus,  failures  in  input  port  switch  positions  (see  Section  2.2.4) 
would  be  detected  early. 
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Table  2.  4.  2-1 

Azimuth  Switch  Diagnostic  Logic 


Observation 

No  pulse  on  single  azimuth  position 
for  given  amplifier,  half  way  through 
its  excitation  interval  (64),  PA's  on 
31  left  and  32  right  positions  also 
inoperative  during  that  interval. 

No  pulse  for  one  azimuth  position 
only. 

No  pulse  on  single  TRSSM  position  all 
other  beam  unaffected. 


No  pulse  on  alternate  time  intervals 
during  "on”  cycle. 

No  pulse  on  alternate  4 time  intervals. 

No  pulse  on  full  octal  group  out  of  64. 
No  pulse  for  360°. 

Stationary  pulse  (always  there) 


Problem 

Transfer  switch  input  node  open. 


Transfer  switch  input  node  shorted. 

Faulty  2nd  stage  switch  FRU.  Since 
eight  2nd  stages  exist  per  lens,  isolation 
accomplished  by  noting  which  of  eight 
octal  groupings  contains  fault. 

Faulty  2nd  stage  switch  FRU.  Octal 
group  containing  fault  determines 
which  of  eight  2nd  stages  is  faulty. 

Faulty  2nd  stage  switch  FRU.  Octal 
group  containing  fault  determines  which 
of  eight  2nd  stages  is  faulty. 

Faulty  1st  stage  switch  FRU 

Faulty  TRSSM  or  exciter.  Receiver 
test  or  subsequent  TRSSM  test  needed 
for  further  isolation. 

Switch  counter  inoperative  (First 
stage  switch  FRU). 
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b)  Pilot  Pulse  Test 


Tiier»-  art'  tliroe  basic  receiver  cliannels  in  the  Baseline  Configuration 
each  used  for  a different  frequency.  Each  receiver  channel  has  256  front 
ends  residing  in  the  1 /R  modules.  The  receiver  front  ends  feed  the  main 
channels  via  the  azimuth  steering  switch,  the  azimuth  lens  and  the  driver 
modules.  Since  the  receiver  test  is  the  second  basic  test,  the  condition 
of  azimuth  lens  and  switch  are  known  at  the  start.  Therefore,  the  ele- 
ments of  interest  are  the  front  ends,  the  TRSSM  units  and  the  main  channels 
themselves. 

The  first  step  in  the  test  is  to  check  the  entire  receiver  system  as  a 
whole  by  use  of  a pilot  pulse  generated  at  the  antenna  and  observe  the 
characteristics  of  the  signal  as  received,  processed  and  stored  by  the 
signal  processor.  The  contents  of  the  processors  memory  are  examined 
and  compared  with  stored  correct  pattern.  The  measured  pattern  may 
differ  from  the  stored  pattern  by  degrees  ranging  from  loss  of  sensitivity 
to  catastrophic  failure. 

The  front  ends  would  indicate  problems  existing  at  various  azimuth 
positions  whereas,  problems  uniform  over  azimuth  angle  would  suggest 
TRSSM,  IF  receiver  channel,  exciter  or  signal  processor.  A signal  in- 
jected at  the  input  of  the  receiver  main  channel  allows  determination  of 
channel  sensitivity  and  channel  operation.  For  example,  an  indication  of 
normal  operation  at  the  receiver  main  channel  in  an  otherwise  inoperative 
channel,  independent  of  azimuth  angle,  would  implicate  the  appropriate 
driver  TRSSM  module.  No  response  to  the  injected  signal  on  the  other 
hand  would  suggest  problems  in  the  receiver  or  signal  processor.  The 
exciter  would  have  been  isolated  during  the  transmitter  test.  The  resolu- 
tion of  the  problem  at  this  point  requires  a processor  test. 
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A sucfossful  pilot  pulse  test  over  all  antenna  elements  will,  in 
conjunction  with  the  transmitter/azimuth  steering  test,  validate  that 
all  FRU's  are  operative  (with  respect  to  a threshold)  with  the  exception 
of  the  antenna  stacks  and  BITE  processor.  The  antenna  stack  are  com- 
pletely passive  and  should  not  fail  unless  damaged  by  outside  sources. 

It  should  be  noted  (from  Section  2.  3.  1)  that  the  pilot  pulse  is  injected  at 
the  antenna  stack.  Thus  all  of  the  connectors  (which  are  the  most  likely 
source  of  failure)  are  included  in  the  test. 

The  BITE  processor  is  the  final  arbiter  of  the  system  and  as  such 
should  have  the  greatest  reliability  triple  on-line  redundancy  with  voting 
is  planned  for  this  function.  One  malfunction  in  the  BITE  would  then  be 
quickly  detected. 

c)  Processor  Test 

On  alternate  scans,  the  BITE  pilot  pulse  is  not  injected.  This  per- 
mits the  signal  processor  output  functions  to  be  compared  both  with  and 
without  signal  input.  The  test  with  a pilot  pulse  is  a signal  level  in  a 
particular  doppler  filter  and  range  gate  and  above  a specified  threshold. 

In  the  presence  of  noise  alone,  the  measured  CFAR  thresholds  should 
not  exceed  preset  values. 

The  processor  is  a unit  that  is  able  to  test  itself.  Its  test  consists 
of  several  steps. 

1.  It  exercises  its  instruction  repertoire 

2.  It  exercises  its  I/O 

3.  It  executes  a sample  problem 

Failure  of  any  of  these  tests  causes  the  processor  to  indicate  its 
difficulty  to  the  BITE  processor. 

A fault  isolated  to  either  the  receiver  or  processor  is  isolated  by 
injecting  a digital  test  word  onto  the  processor  input  bus  to  all  CE's. 

(The  A/D  converters  arc  located  with  the  receivers).  If  all  CE's  pro- 
cess the  simulated  input  correctly,  then  the  fault  lies  with  the  receiver 
channel.  If  not,  then  the  fault  may  lie  with  a CE  (assuming  one  incorrect 
response),  the  bus  structure,  the  radar  controller  or  one  of  the  I/O's. 
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The  I/O's  (IFF,  BITE  and  Modem)  are  checked  periodically  by 
exchange  of  test  messages.  The  buses  are  continually  checked  by  a 
r<-quirem<'nt  for  a double  error  detecting,  single  error  correcting, 

Hamming  data  code  (see  Section  2.  3.  5).  The  radar  controller  is  checked 
by  a more  detailed  exertise  under  command  from  the  BITE  processor. 

There  may  occur  certain  marginal  conditions  which  defy  the  capability 
of  simple  go-no  go  testing  to  detect  them.  Examples  might  be  an  increase 
in  th«-  nois<'  level  in  certain  s«Teetive  portions  of  the  doppler  band  or 
suflden  spike-like  transii-nts. 

To  allow  for  the  eventuality  of  these  and  other  unforsecn  degradations, 
the  capability  to  remotely  place  an  operator  in  the  BITE  loop  has  been 
planned.  Upon  request  from  the  Node  operator,  certain  types  of  processor 
data  will  be  transmitted  to  the  node.  The  types  of  data  selectible  at 
several  range  azimuth  points  shall  include: 

• FFT  spectrum 

• CFAR  thresholds 

• Clutter  map 

• Alarm  output 

• Data  processor  files 

d)  IFF  Test 

The  IFF  subsystem  is  self  checking  (see  Section  2.  5).  The  IFF  per- 
forms its  own  test  after  every  target  designation  from  the  radar  or 
every  half-hour,  whichever  occurs  first.  The  IFF  BITE  status  is  then 
inserted  into  a register  accessible  for  inspection  by  the  BITE  processor. 

e)  Communication  Link  Test 

On  a periodic  basis  (at  least  once  per  half-hour),  tests  messages 
shall  be  exchanged  between  the  BITE  processors  at  the  unattended  and  node  sites. 
The  successful  exchange  shall  confirm  that  both  the  communication  link  and  the 
BITE  processors  are  operational. 
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f)  Fault  Message 

The  fault  detection  and  isolation  described  thus  far,  provides  a per- 
formance profile  of  the  radar.  This  performance  data  must  be  deposited  in 
signal  processor  memory  reserved  for  messages  to  be  sent  to  the  logistics  unit. 
One  of  the  common  elements  of  the  signal  processor  has  the  task  of  sending  a 
radar  target  message  train  back  to  the  logistics  unit  periodically.  A space  in 
this  data  train  is  made  available  to  the  BITE  processor  to  d<  >osit  its  current 
performance  assessment.  The  BITE  data  is  separated  at  the  logistics  node  and 
diverted  to  the  logistics  BITE  system. 

The  BITE  data  is  also  retained  in  current  form  within  the  BITE 
memory.  This  version  is  made  available  to  a simple  CRT  display  standard  at 
all  remote  units.  The  purpose  of  the  display  is  to  provide  the  repair  technician 
with  a means  of  checking  his  repair  prior  to  returning  to  his  home  base.  The 
display  at  the  remote  site  is  powered  off  normally  to  conserve  power.  The 
repair  technician  only  turns  it  on  briefly  to  confirm  that  his  repair  was  effective 


2.  4.  3 BITE  HARDWARE  DESIGN 

The  requirement  to  minimize  prime  power  at  the  unattended  site  demands 
that  power  economy  be  practiced  in  the  design  of  the  BITE  System.  Fortunately 
the  availability  of  a substantial  selection  of  complementary  MOS  (CMOS)  digital 
logic  building  blocks  drawing  on  the  order  of  microamperes  of  current  is  avail- 
able. These  units  have  reasonable  switching  speeds  and  draw  current  only 
during  the  switching  transition,  thereby  accounting  for  their  low  power  consump 
tions.  In  their  static  position  they  present  little  mput  loading  so  that  a given 
CMOS  gate  may  condition  many  others.  The  processor  is  the  AMD  9080  milita- 
rized microprocessor,  chosen  for  its  reliability,  low  power  requirement  and 
adequacy  to  perform  the  BITE  task. 

Figure  2.  4.  3-1  shows  the  block  diagram  of  the  BITE  processing 
system.  The  major  parts  are: 

1.  Central  Processor  (3) 

2.  BITE  Program  Memory  (3) 
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BUS 


BITE  System  Hardware  General  Block  Diagram 


3. 

BITE  Data  Memory 

(3) 

4. 

TR  Selector  Logic 

5. 

TR  Test  Selector 

6. 

Miscellaneous  Test 

Selector 

7. 

Data  Transfer  Bus 

Three  complete  sets  of  the  first  three  items  shown  are  included  in 
the  BITE  subsystem  to  provide  voting  redundancy.  It  is  assumed-to  conserve 
power,  that  only  one  of  each  is  normally  active.  Periodically  (typically  once 
per  frame)  the  inactive  two  are  activated  to  perform  a voting  test.  The  other 
BITE  hardware  elements  are  periodically  tested  under  BITE  processor  control. 

The  functions  of  the  subassemblers  listed  above  are  described  below 

as  follows. 

Central  Processor  CPU 

The  CPU  is  the  heart  of  the  BITE  System.  With  the  help  of  its  sub- 
asseniblies  and  its  program,  it  executes  a comprehensive  sequence  of 
testing  at  a periodic  rate  which  allows  it  to  directly  or  indirectly  assess 
the  operation  of  all  field  replaceable  units.  The  interconnect  lines  required 
to  achieve  this  consist  of  an  address  bus  (8  lines),  a data  bus  (8  lines)  and 
control  lines.  The  address  bus  serves  to  steer  information  to  or  from  the 
desired  radar  test  point  via  the  subassemblies.  The  data  bus  is  the 
channel  that  drives  the  data  to  or  from  the  selected  point. 

Program  Memory 

The  CPU  requires  a memory  in  order  to  function.  The  memory 
usually  contains  both  program  and  data.  Because  of  the  unattended  nature 
of  the  system  it  is  necessary  to  divide  the  program  and  data  sections  so 
that  read  only  memories  (ROM)  may  be  used  to  contain  the  program  so 
that  noise  or  power  transients  will  not  effect  it. 

Data  Memory 

This  section  of  the  memory  is  the  working  section.  Test  data  is 
stored  for  analysis  and  a file  of  each  FRU  status  is  maintained  in  it.  The 
contents  of  this  file  is  periodically  sent  to  the  logistics  unit. 
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TR  Selector  Louie 

The  TR  selector  logic  consists  of  an  8 bit  register  and  a decoder 
which  allows  the  eight  bit  code  to  activate  one  out  of  256  selection  lines. 
These  lines  are  fanned  out  to  each  of  the  256  TR  modules  and  serve  to 
make  the  selected  one  receptive  to  the  selection  command. 

TR  Test  Selector 

With  the  selection  of  a TR  module,  the  computer  places  on  tlic  data 
bus,  a 3 bit  code  which  is  sent  to  the  selected  module.  This  code  is 
interpreted  by  the  TR  module  as  a specific  test  command  of  which  it 
recognizes  four,  the  transmitter  test  and  three  receiver  channel  tests. 
The  transmitter  test  uses  the  data  bus  to  return  transmitter  status  to 
the  CPU.  Each  of  the  three  data  bus  lines  contains  the  status  of  one 
frequency  component  of  the  transmitter  pulse. 

Miscellaneous  Test  Selector 

The  balance  of  the  test  commands  are  accomplished  by  the  selector 
labeled  miscellaneous  selector.  This  unit,  capable  of  controlling  up  to 
32  selection  lines  allows  the  enabling  of  the  injection  signals  such  as  the 
pilot  pulse  at  the  antenna  and  the  receiver  injection  pulses  at  the  receiver 
inputs.  In  addition  it  requests  status  information  from  the  signal  pro- 
cessor and  the  IFF  unit. 

The  actual  generation  of  tlie  pilot  and  receiver  test  pulse  is  accom- 
plished by  the  radar  controller.  The  BITE  processor  merely  enables 
or  inhibits  the  test. 

Relay  Data  To  The  Logistics  Center 

The  transmission  of  BITE  data  to  the  logistics  center  relies  on  the 
use  of  the  same  communication  link  employed  for  radar  information. 
Radar  information  is  periodically  sent  by  the  signal  processor  via  the 
modem  and  phone  line.  This  message  is  assembled  at  a selected  place 
in  the  signal  processor  memory  into  a serial  data  train.  A portion  of 
this  data  train  includes  BITE  status  data  which  the  signal  processor 
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obtains  from  the  appropriate  BITE  memory  area.  A specific  word  in 
the  BITE  data  serves  as  a flag  to  indicate  that  the  latest  data  is  being 
retrieved.  After  retrieving  the  data,  the  flag  is  reset  and  remains 
so  until  new  BlTFi  data  is  assembled  by  the  BITE  processor. 

1.  4.  4 BITE  SOFTWARE 

To  devise  the  appropriate  BITE  software  algorithms  for  testing  a 
radar  with  the  complexity  of  the  A type,  time  is  an  important  dimension.  It  is 
not  sufficient  to  determine  that  a power  amplifier  is  functional.  It  must  be 
determined  that  it  is  activated  for  a specified  period  and  deactivated  for  another 
specified  period.  Since  there  are  256  power  amplifier  elements,  a timing  pro- 
file for  each  amplifier  showing  every  asimuth  position  must  be  periodically 
taken.  Rather  than  store  such  large  amounts  of  test  data  at  once,  partial  pro- 
l essing  at  each  stage  permits  a vast  rt'duction  in  required  data  storage.  Only 
<iata  which  is  suggestive  of  a potential  fault  is  retained. 

Fortunately,  the  highly  regular  nature  of  most  of  the  radar  system 
allows  relatively  simple  go/no  go  tests  to  be  used  to  accurately  isolate  a mal- 
functioning FRU. 

Three  basic  techniques  summarize  the  approach  to  be  used  to 
diagnose  the  entire  radar.  They  are: 

1.  Signal  injection  at  key  points 

2.  Signal  sensing  at  key  points 

3.  Computer  logical  deduction 

These  tests  have  been  functionally  described  earlier. 

The  software  performing  the  diagnostic  task  consists  of  basic  tests 
and  associated  fault  isolation.  These  are: 

1.  The  power  amplifier,  azimuth  lens  system 

2.  Receiver  test 

3.  Signal  processor  test 

4.  IFF  test 

5.  Communication  link  test 
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These  tests  are  performed  in  sequence.  The  sequence  is  established 
by  the  master  control  program  or  executive.  The  executive  program  is  in 
control  of  processor  operation  at  all  times  except  when  it  orders  one  of  the 
tests  to  be  performed.  Two  other  functions  are  controlled  by  the  executive, 
they  are  tlie  local  diagnostic  message  program  and  the  diagnostic  message  to 
the  logistics  unit.  The  executive  establishes  priority  of  functions  and  initiates 
all  the  tests. 

A typical  sequence  is  as  follows: 

1.  Executive  calls  for  Xmtr/azimuth  test 

a.  Test  is  performed 

b.  If  OK,  executive  is  notified 

c.  If  not, difficulty  is  reported 

2.  Executive  calls  next  test  if  process  one  is  OK.  If  not,  executive 
incorporates  fault  data  into  local  and  remote  diagnostic  messages. 

3.  Next  test  performed  as  ordered 

a.  If  OK, executive  is  notified 

b.  If  not,  difficulty  is  reported 

4.  Tests  3 and  4 are  conducted  in  similar  manner  with  appropriate 
updates  of  the  diagnostic  messages. 

5.  The  local  diagnostic  message  is  available  by  keyboard  command 
for  display  on  a local  CRT.  This  local  indicator  is  used  by  the 
repair  technician  to  ascertain  that  repairs  he  has  made  did  in 
fact  restore  proper  operation. 

6.  At  the  end  of  a test  sequence  the  latest  diagnostic  message  is 
deposited  in  the  common  element  memory  for  incorporation  into 
its  radar  message  to  the  logistics  unit. 

A block  diagram  showing  the  flow  of  software  control  between  the 
executive  program  and  the  individual  test  and  utility  program  is  contained  in 
Figure  2,  4.  4-  1 . 
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Figure  2.4,  4-1  Simplified  Software  Control  Flow  Remote  Site 


2.  4.  5 LOGISTICS  NODE  BITE 


The  l^istics  Bite  is  the  gathering  point  for  all  BITE  information  from 
12  remote  sites.  Si^e  the  logistic  site  is  a manned  site  it  does  not  have  the 
environmental  or  ^Xver  constraints  of  the  remote  site  as  a result  more  latitude 
exists  for  incprpoi'atin^increased  capability  in  its  equipment. 

The  CP,y  is  unidentified  because  the  option  for  its  selection  should  be 

kept  open  until  a rrAre  datailed  sizing  can  be  performed.  If  time  is  not  important 
V.  ' 

at  the  logistics  node  as  it  is  not  at  the  remote  sites,  it  is  quite  possible  that  the 
same  microprocessor  unit  will  suffice  (AMD  9080).  The  main  difference  between 
the  two  types  of  si?es  then  becomes  the  memory  complement.  This  consists  of 
16K  of  semiconductor  random  access  memory  and  a one  million  byte  magnetic 
disc  for  non  volatile  storage. 

A display  and  keyboard  is  provided  which  allows  maintenance  per- 
sonnel to  interrogate  the  status  of  any  remote  site  with  a message  query.  The 
processor  obtains  the  required  data  from  disc  storage  and  displays  it  on  the 
CRT,  performing  any  required  manipulation  of  the  data  in  the  process.  The 
printer' provides  hard  copy  of  the  same  information  and  detailed  repair  in- 
structipns,  if  sired. 

^fhe  software  in  the  logistics  center  serves  an  entirely  different 
function  from  that  of  the  remote  unit.  Tasks  to  be  accomplished  include; 

I,  Data  gathering  (from  modem)  & storage 

2»  Data  manipulation 

3.  Recognition  of  symbolic  representation  of  FRU's  and  capability 
to-ascertain  effect  of  given  FRU  failure  on  system  performance. 

4.  ^la  rms  when  operation  drops  below  minimum  acceptable 

threshold. 

5.  Capability  to  command  remote  switching  of  available  spares 
of  faired  FRU's. 

6.  Capability  to  receive  specialized  raw  processor  data. 

7.  Procc^shig  of  data  from  any  site  and  displaying  site  performance 
graplifcally  against  a minimum  acceptable  threshold.  Allows 
anticipation  of  performance  degradation. 
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8.  Inventories  spaces  both  at  repair  center  and  at  remote  sites, 
alarming  when  spaces  drop  below  minimum  level. 

9.  Possibility  of  performing  developmental  software  functions 
improving  system  performance  both  at  logistics  center  and 
remote  sites. 

The  logistics  node  like  the  remote  site  requires  order  in  the  execution 
of  its  functions.  As  such  it  also  contains  an  executive  program  which  organizes 
the  performance  of  tasks  and  their  sequence  of  occurrence.  It  responds  to 
external  questions  posed  at  the  console  and  calls  out  the  necessary  programs 
to  answer  the  requests. 

A simplified  block  diagram  of  the  logistics  node  software  is  shown  in 
Figure  2.  4.  4-2. The  major  functional  software  tasks  are  indicated. 
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Figure  i.  4.  4-2  Simplified  Soft'w.are  Contro  1 Flow  Logistics  Unit 


4. 


2.  5 SIF/It^F  SYSTE:M  DESIGN 

Target  identification  serves  a vital  air  defense  role.  No  alternative 

^ * 

approach  is  as  powerful,  operationally  useful  and  cost  effective  as  conventional 
SIF/IFF.  This  study  focused  on  a baseline  Type  A design  to  provide  high  per- 
formance and  reliability  with  low  power  con*Umption  and  life  cycle  costs  (LCC). 

The  baseline  system  confi^urartion  for  the  SlF/lFF  quickly  evolved  from 
the  operational  mode  establi^ed  and  the  limited  system  parameters  options 
available  for  co-operative  systems.  » 

2.5.  1 SIF/IFF  OPERATION  AND  REQUIREMENTS 
a)  Role  of  SIF/IFF 

In  a network  of  Type  A sites,  SIF/IFF  provides  primary  identification 
with  secondary  support  by  other  means  as  shown  in  Figure  2.  5.  1-1,  Estimates 
of  aircraft  velocity  from  radar  observations,  as  an  example,  yield  information 
on  class  of  aircraft  which  is  a significant,  but  coarse  identification  input.  Here 
identification  is  being  used  in  a global  sense  encompassing  classification.  The 
figure  shows  radar,  SIF,  and  IFF  (Mode  4)  as  a primary  means  of  identification 
at  unattended  and  attended  Type  A sites  with  the  latter  also  supporting  remote 
Mode  4 processing  for  unattended  sites. 

Composite  target  reports  from  all  sites  of  a Type  A network  are 
relayed  to  a Regional  Operations  Control  Center  (ROCC)  where  central  pro- 
cessing performs  site-to-site,  network-to-network  and  flight  plan  associations. 
Colli'ctively  these  measures  often  yield  positive  identification  not  otherwise 
possible.  When  these  methods  and  voice  communications  also  fail,  then  standard 
air  defense  procedure  calls  for  intercept  missions  for  visual  identification. 

SIF/IFF  is  a cooperative  system  that  depends  on  aircraft  replies  and 
performance  prediction  that  are  sensitive  to  scenarios  and  the  likelil\oods  that 
aircraft  will  reply.  Table  2.  5.  1-1  presents  an  estimate  of  the  latter  for  various 
classes  of  aircraft.  Assuming  air  defense  demands  positive  identification  , 
those  estimates  in  a "typical"  scenario  might  be  interpreted  to  say  that  the  SIF/ 

IFF  should  reduce  the  need  for  visual  intercepts  by  a factor  of  at  least  10.  In 
thi-  absence  of  both  SIF  and  IFF  replies.  General  Aviation  (GA)  and  enemy  hostile 
aircraft  should  be  distinguishable  at  a ROCC  by  a combination  of  altitude,  velocity, 
and  point  of  entry. 
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Table  2.  5.  1-1 


SIF/IFF  Targets 


Target  Class 

Expected  SIF  Replies 

Expectei 
Mode  4 
Replies 

International 

Civil  OverQights 

100%  - 3/A  and  C 

None 

Local  General 

Aviation 

50%  - None 

40%  - 3/A 

10%  - 3/A  and  C 

None 

Allied  and 

Neutral  MIL 

Overflights 

90%  - 3/A  and  C 

None 

Strategic  High 

alt  mil 

70%  - 3/A  and  C 

20%  - 2 

70% 

Low  ALT  MIL 

- 

- 

Fnemy  Hostile 

None 

None 

F>iemy  Non-Hostile 

50%  - 3/A  and  C 

None 

b)  SIF/IFF  Operation 

Combined  requirements  for  Type  A sites  pose  a significant  design 
challenge.  This  has  been  dealt  with  at  the  conceptual  level  by  introducing  a 
very  low  duty  on-demand  primary  SIF/IFF  operating  mode.  High  duty  and  con- 
tinuous modes  are  also  available  but  are  expected  to  be  only  occasionally  used. 

In  the  on-demand  mode,  the  SIF/IFF  system  remains  dormant  until 
local  radar  processing  requests  interrogation  and  processing  at  designated  radar 
cells.  The  SIF’/If'F  system  then  cycles  through  SIF  modes  1 and  2,  SIF/ATCRBS 
mode  3/A,  ATCKBS  mode  C,  and  secure  Mark  XII  mode  4.  A composite  SIF/IFF 
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tarpot  repi)rt  outputs  all  replies  rlecorled  within  the  desiKnated  radar  cell  (-tO. 

X 0.  Z’j  nmi).  This  on-<letiiand  mode  will  be  activattid  only  when  radar  processing 
declares  a target  (correlation  on  i of  4 scans)  which  fails  to  associate  with  an 
existing  radar  track.  This  situation  will  always  arise  when  new  targets  are  first 
detected  and  will  also  occur  when  reacquiring  dropped  tracks  and  reidentifying 
crossing  tracks.  Present  estimates  of  worst-case  average  daily  SIF'/IFF  duty- 
cycles  per  site  are  based  on  mean  times  of  30  minutes  or  50  cycles  per  day;  each 
cycle  requires  about  1 second. 

Figure  2.5.  1-2,  a simplified  flow  diagram,  shows  how  radar  process- 
ing attempts  to  correlate  each  newly  declared  radar  target  with  an  existing  track 
and,  upon  failure,  initiates  a SIF/IFF  cycle.  Composite  radar  and  SIF/IFF 
target  reports  are  ultimately  forwarded  to  a ROCC. 

The  cooperative  nature  of  IFF  permits  azimuthal  resolution  well  in 
excess  of  amtenna  beamwidth.  The  baseline  design  achieves  better  than  3°  resolu- 
tion with  a 13  foot  circular  array  having  a 7°  beamwidth. 

The  improvement  in  resolution  is  achieved  by  exploiting  the  Side  lx)be 
Suppression  (S1.S)  function  of  present  generation  transponders  as  explained  in 
Figure  2.5.  1-3.  The  top  sketch  shows  IFF  sum-difference  antenna  patterns 
and  the  transmission  of  IFF  pulses  PI  and  P3  over  the  sum  channel  and  P2  over 
the  difference  channel  with  all  pulse  amplitudes  equal.  Transponder  processing 
inhibits  replies  except  when  PI  levels  are  0 to  9 dI3  above  P2  and,  in  the  worst- 
case,  this  yields  an  effective  azimuthal  resolution  equal  to  the  crossover  beam- 
width.  In  the  middle  sketch  the  sum  transmission  has  been  reduced  to  1/10  the 
difference  level  and  the  crossover  beamwidth  is  narrowed  by  a factor  of  3.  For 
the  baseline  antenna,  this  beam  sharpening  technique  achieves  a true  resolution 
better  than  3°  even  though  the  actual  sum  beamwidth  is  7°,  An  exploded  view  of 
the  crossover  region  in  the  bottom  sketch  shows  interrogation  beamwidths  for 
transponder  threshold  extremes. 

Beam  sharpening  trades  off  peak  transmitter  power  for  resolution  and 
favorably  affects  antenna  size,  complexity,  reliability,  cost,  and  power  con- 
sumption. 


• MAM  SHARP6NIN0 

r p»  P3  n »0 


Figure 


IfFtCnVt  MAMWIUTH 


INfUmO'  AIK'N 
blAMV/((MM 


IS  UNCfPTAINTY 
IN  B'>‘<  STEMMING 
fIfOM  P?  PI  THPESH- 
OID  lOLERAfJCC  IN 
A,'C 


Z,  5.  1-3  Beam  Sharpening  and 
Azimuth  Resolution 


c ) SIF/IFF  l^t-quirfiiionts 


Stat.-tiu-nt  of  Work  (SOW)  goals  for  the  SIF/IFF  systoni  are  less 
(I.  finitivi-  tlian  for  tlie  radar  and  appropriate  measures  of  quality  in  performance 
are  not  so  widely  recognized.  Definitive  requirements  have  been  assumed  for 
operating  range  and  volumetric  coverage;  implied  requirements  add  range  and 
azimuth  resolution  and  accuracy  comparable  to  the  radar;  and  typical  additional 
derived  requirements  include  ISLS  quality,  uplink  and  downlink  power  budget 
margins,  SIF  and  IFF  processing  parameters,  SIF  operating  modes,  and  others. 
Table  2.  5.  1-2  lists  major  parameters  of  performance  dealt  with  under  this  study 
for  Type  A. 

2.5.2  SYSTKM  DESCRIPTION 
a ) Functional  Design 

Type  A networks  have  been  configured  so  that  every  site  has  autono- 
mous SIF/IFF  except  for  separate  Mode  4 encoding  and  target  evaluation  equip- 
ments (Termed  Remote  IFF),  28  of  which  are  recommended  to  support  80  sites. 
Four  would  be  installed  at  each  of  7 manned  sites  and  switched  as  available  to 
service  requests  from  approximately  12  dependent  sites.  Estimates  based  on 
expected  demand  and  service  durations  show  that  this  arrangement  has  no  signi- 
ficant queing  problem. 

Referring  to  Figure  2.  5.  2-1,  the  SIF  portion  of  Type  A operates  as 

follows: 

• A SIF/IFF  operating  cycle  begins  at  the  instant  a command  is 
received  from  radar  processing  to  interrogate  a particular  radar 
cell  (+0.  5°  X +0.  25  nmi)  designated  by  centermarked  range 
(DMDR)  and  azimuth  (DMDAZ).  The  equipment  is  then  energized 
and  the  ESCAN  antenna  is  steered  to  DMDAZ.  (Between  cycles 
all  hardware  except  interface  logic  remains  dormant.  ) 

• Every  SIF/IFF  cycle  sequentially  examines  designated  radar  cells 
on  Modes  1,  2,  3/A,  C and  4 and  outputs  a composite  target 
report. 
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♦ Clarified  in  later  report  discussions. 
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Figure  2.  5.  2-1,  Type  A Functional  Block  Diagram 


• Each  sub-cycle  (i.  e.  , single  SIF/IFF  mode),  except  M6de  4,  is 
carried  out  conventionally  with  PI  and  P3  transmitted  over  a sum 
beam  radiation  pattern,  aind  P2  over  a difference  pattern  for  ISLS. 

• As  shown  in  the  figure,  the  antenna  also  generates  left  and  right 
squint  beams  for  amplitude  monopulse  DF  on  received  transponder 
replies.  Note  that  in  contrast  to  conventional  SIF  and  ATCRBS 
systems,  the  Type  A design  does  not  use  rotating  beams  and 
sliding  window  detection  for  azimuthal  DF. 

• Defruiting,  replay  detection,  target  detection,  cind  target  reporting 
functions  are  carried  out  in  a modern  implementation  of  AN/TPX- 
42A  Techniques. 

Mode  4 operation  is  more  complicated  and  is  explained  below  with 
reference  to  Figure  2.  5.  2-2: 

• Functional  elements  supporting  Mode  4 are  the  SIF/IFF  system  at 
all  sites  (Figure  2.  5.  2-1),  remote  IFF  equipment  (including  KIR) 
at  manned  sites,  and  an  Interconnecting  chain  of  communication 
relay  links.  P'igure  2.  5.  2-2  includes  an  overview  showing  Mode  4 
interrogations  and  replies  at  a local  site  with  two-way  data  flow  to 
a remote  attended  site. 

• At  the  beginning  of  a Mode  4 sub-cycle  the  local  SIF/IFF  generates 
and  relays  a RQST  for  a valid  Mode  4 code-of-the-day.  Receipt  of 
RQST  at  the  remote  attended  site  generates  a KIR  trigger. 

• The  KIR  responds  to  the  trigger  with  a realtime  pulsetrain  which 
is  decoded  and  then  relayed  to  the  requestor  as  a static  digital 
word. 

• At  the  unattended  site  a realtime  replica  of  the  KIR  pulsetrain  is 
recreated  and  radiated  as  a Mode  4 interrogation.  Measurements 
on  decoded  valid  replies  yield  true  azimuth  and  apparent  range, 
the  latter  in  error  by  an  unknown  transponder  delay  (1  of  16)  in- 
serted in  accordance  with  information  cryptographically  buried  in 
the  KIR  interrogation  code.  AZ  and  R data  are  then  relayed  back 
to  the  attended  site. 
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Figure  2.  5.  2-2.  Type  A Remote  IFF  (Mode  4) 


• It  is  essential  that  the  KIR  run  continuously  between  the  original 
TRIG  and  the  associated  REPLY  with  no  intervening  TRIG'S, 
because  each  new  TRIG  erases  the  delay  correction  corresponding 
to  that  buried  in  the  original  code.  In  response  to  a REPLY  input 
pulse,  the  KIR  outputs  a delay-decorrelated  range  pulse. 

• When  AZ  and  R are  received  at  the  attended  site,  a realtime 
REPLY  is  generated  and  the  observed  time  difference  between 
that  KIR  input  and  its  CORR  REPLY  output  is  subtracted  from 
apparent  R to  yield  true  R. 

• A Mode  4 target  evaluator  at  the  attended  site  accepts  12  to  20 
sets  of  AZ  and  true  R inputs  in  a full  Typ*^  ^ Mode  4 sub-cycle, 
and  generates  "friend”  and  "no  observed  friend"  outputs.  With 
this  method  of  Mode  4 operation,  performance  is  in  principle 
insensitive  to  communication  delays  and  data  rates. 

b)  Timing 

Figure  2.  5.  2-3  shows  how  time  is  allocated  i.  a worst-case  SIF/IFF 
system  cycle  in  the  on -demand  operating  mode.  Power  transients  in  this  worst- 
case  not  unexpectedly  consume  the  larger  part  (I  second)  of  a total  cycle  (I.  2 
seconds).  This  is  even  more  so  in  typical  cases. 

Allowing  25  milliseconds  for  each  SIF  and  ATCRBS  cycle  assumes  10 
interrogation  sub-cycles  of  the  sort  illustrated  in  Figure  2.  5.  2-4.  Allocating 
116  milliseconds  per  Mode  4 cycle  assumes,  as  shown  in  Figure  2.  5.2-5,  the 
maximvim  number  (20)  of  challenges  with  maximum  expected  separation  (400  nnii) 
between  an  unattended  site  and  an  attended  site  with  supporting  KIR  and  process- 
ing. 

Although  the  total  time  may  seem  long,  it  should  be  stressed  that  1.2 
seconds  is  a small  fraction  (1/1500)  of  the  mean  interval  (30  minutes)  expected 
between  operating  cycles. 

c)  Power  Budget 

Uplink  and  downlink  power  budgets  at  1030  and  1090  MHz,  respectively, 
are  presented  for  Type  A in  Table  2,  5.2-1,  Transponder  minimum  triggering 
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igure  2.  5.  2-3,  SIF/IFF  System  Cycles:  Type  A (Worst  Case) 
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igure  2.  5.  2-4.  SIF/ ATCRBS  INT  Interval:  Type 
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igure  2.  5.  2-5.  Mode  4 Cycle:  Type 
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load  (M  TL)  in  the  uplink  and  transpcincler  peak  power  in  the  downlink  are  the  95th 
percentile  values  for  a mix  of  military  and  air  carrier  transponders  based  on 
recent  data  collected  by  Lincoln  Labs  in  an  extensive  experimental  program. 
Average  transponders  will  yield  higher  link  margins.  In  the  downlink  the  in- 
dicated margin  understates  the  true  picture  because  system  operation  does  not 
require  the  degree  of  I)F  accuracy  (0.  1°)  implicit  in  the  indicated  SNR  require- 
ment. For  TyP*^  fhe  downlink  is  overpowered. 

Although  operating  margins  are  essential  to  cover  operations  off  bore- 
sight,  aircraft  antenna  scalloping  and  shadowing,  lobing  losses,  and  poorer  than 
expected  transponder  performance,  the  magnitudes  need  not  be  einywhere  near 
the  ZO  dR  margins  customary  in  communications  to  accommodate  fading, 

d)  Parameters  and  Performance 

Table  2.  5.  2-2  summarizes  major  system  performance  parameters. 
ISLS  punchthrough  margin  is  the  difference  between  P2  and  PI  levels  received 
outside  the  desircfl  interrogation  lobe  and  is  clarified  below. 

Table  2.  5.  2-2 

Type  A SIF/IFF  System  Summary  Sheet 


System  Operating  Modes 

SIF/IFF  Modes 

Azimuth  Coverage 

Elevation  Coverage 

Range  Coverage 

Range  Resolution 

Range  Accuracy 

Azimuth  Resolution 

Azimuth  Accuracy 

Target  Capacity 

Fruite  Environment 

ISLS  Punch  Through  Margin 

Uplink  Power  Rudget  Margin 


On -Demand,  STD 
Continuous,  Spec  Purpose 

1,  2,  3/A,  C,  and  4 

360° 

-10°  to  -(50° 

0.  5 to  60  nmi 
400  Feet 
400  Feet 
4 , Average 
0.3° 

32  in  4°  AZ  Wedge 
30,  000  per  second 
3 dD,  min 
+ 5 dB,  Worst-Case 
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Table  2.  5.  2-2  (Continued) 

Type  A SIF/IFF  System  Summary  Sheet 

Downlink  Power  Budget  Margin  t7  dB,  Worst-Case 

SIF  Processing  Capability  Full  AN/TPX-42A 

IFF  Target  Evaluator  Capability  Full  AWACS 

Antenna  Performance 

The  performance  parameters,  summarized  in  Table  2.  5.2-3,  meet  or 
exceed  all  requirements  and  go  well  beyond  conventional  SIF/IFF  designs. 
Parameter  values  listed  in  the  table  are  estimates  based  on  a combination  of 
experimentally  determined  and  calculated  results.  Azimuthal  radiation  patterns 
have  been  calculated  and  are  shown  in  Figures  2.  5.  2-f),  2.  5.  2-7  and  2.  5.  2-8. 

For  cardinal  beams  (those  in  directions  exactly  between  antenna 
radiators),  4-bit  phase  shifters  give  precisely  the  m tt/8  radian  incremental 
phase  progression  required  at  the  input  to  the  Butler  matrix.  This  leads  to 
faithful  reproductions  of  a specified  excitation  at  the  radiators  and  the  excellent 
uplink  radiation  patterns  shown  in  Figure  2.  5.  2-6.  For  intermediate  beams, 
(intercardinal),  the  required  phase  progression  of  n -11/64  can  be  only  approxi- 
mated with  4 bit  digital  phase  shifters  and  this  leads  to  small  excitation  errors 
which  tend  to  strengthen  the  relative  level  of  sidelobes.  These  "quantization - 
induced"  sidelobes  are  readily  apparent  in  Figure  2.  5.  2-7  which  shows  the 
directional  beam  steered  to  the  intercardinal  position  in  which  these  quaintization 
effects  are  worst.  The  left  and  right  squinted  receive  beams  (cardinal)  are 
shown  in  Figure  2.  5.  2-8.  The  relatively  strong  sidelobes  exhibited  to  the  right 
of  the  left  beam  and  to  tlie  left  of  the  right  beam  are  a con stifpience  of  the  siiople 
manner  in  which  these  beams  are  derived.  These  lobes  could  be  suppressed  by 
use  of  a more  complex  feed  network,  but  the  complication  is  unwarranted  since 
these  lobes  occur  outside  of  the  narrow  interrogation  window. 

Comparison  of  the  computed  patterns  with  measured  patterns  show 
excellent  agreement  in  the  main  beam  region.  Over  the  range  of  elevation  angles 
between  ±30  degrees,  the  measured  boamwidths  varied  from  just  under  seven 
degrees  to  about  7.  5°,  The  causes  for  the  differences  between  measured  and 
computed  patterns  is  kno-wn  cind  their  effects  can  be  reduced. 
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Table  2.  5.  2-3 

Type  A SIF/IFF  Antenna  performance  Parameters 


A.  Operating  Freqviencies 


1030  Mllz  (transmit) 
1090  MHz  (receive) 


13.  Polarization 


Vertical 


C.  Ream  Types 


I).  Impedance/ VSWR 


Directional  beam  and 
specially  shaped  SLS 
beam  (both  steerable) 
for  transmission,  left 
and  right  squinted 
directional  beams  for 
receiption) 

50/1.  3 to  1 maximum 
in  IFF  band 


E.  Power  Capacity 

F.  Gain/Beamwidth  (Directional  Beam) 
o Beamwidth  (3  dB) 

o Interrogation  Window 

o Directivity 

o l.osses  (Network  and  Cables) 
o Gain 

G.  Secondary  Lobes  and  SLS  Perf. 
o Worst  Case  Secondary  Lobe 

o Average  Secondary  Lobe  Level 
o SLS  Punchthrough  Margin 


500 W at  1%  duty  factor 


7°  nominal  at  1 5°  elev. 

2°  - 5°  (depending  on 
transponder)  with  6 dB 
greater  signal  trans- 
mitted by  SLS  pulse 

20.  8 dBi 

4.  b dB 

16.2  dBi  (Nominally  16  dBi) 


20  dB 
26  dB 

3 dB  minimum 


11.  Beam  Pointing  Accuracy 

I.  Elevation  Beamwidth 

J.  Steering  Speed/Steering 
G ranularity 


2/3  degree  throughout 
elevation  coverage 

40  degree  3 dB  beamwidth 
with  beam  tilted  up  10 
degrees 

20  micro8econd8/512 
steps  per  revolution 
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igure  2.  5.  2-7.  Intercardinal  Directional  (Uplink)  Beam 


gure  Z.  5.  Z-8.  Left  and  Right  Receive  Beams 


2.  5.  3 EQUIPMENT  DESIGN 


a ) General  Configuration 

The  main  functional  elements  of  a Type  A baseline  configuration  are 
antenna  system,  R/T,  SIF  processing  and  remote  IFF  processing.  The  last  is 
packaged  separately  with  a KIR  and  located  at  attended  sites. 

physically  the  Type  A baseline  design  includes;  (a)  a circular 
antenna  array  (13  feet  diameter,  open  in  central  area);  (b)  a single  additional 
package  (35"  x 30"  x 25")  at  all  sites  containing  antenna  distribution  and  steering 
networks  and  switches,  an  R/T,  SIF  processing,  and  control  and  interface  hard- 
ware; and  (c)  separate  remote  IFF  packages  (18"  x 12"  x 12")  at  attended  sites 
(28  total  support  80  sites).  Figures  2.  5.  3-1,  2.  5.  3-2  and  2.  5.  3-3,  respectively, 
illustrate  preliminary  mechanical  designs  of  these  three  packages. 

The  Type  A system  has  been  configured  so  that  all  cryptographic  gear 
(KIR)  is  located  at  attended  sites.  In  terms  of  azimuth  resolution,  beam  control, 
ISLS  purity,  and  Mode  4 target  evaluation,  the  Type  A SIF/IFF  system  has  been 
designed  to  yield  performance  levels  well  beyond  conventional  designs. 

1.  A worst-case  resolution  of  3.  5^  has  been  achieved  with  a 7° 
natural  beamwidth  through  the  use  of  beamsharpening  techniques. 

2.  The  SIF/IFF  circular  array  antenna  (13  feet  diameter)  employs 
a new  type  of  Butler  matrix  feed  permitting  phase  and  amplitude 
tapering,  nearly  eliminating  beam  coning. 

3.  Special  ISLS  patterns  are  a composite  difference  plus  cardiod, 
providing  a minimum  of  3 dB  ISLS  punchthrough  margin  even  in 
the  aft  region. 

4.  The  mode  4 target  evaluator  implements  new  algorithms  providing 
a 100  to  1 decrease  in  the  probability  of  enemy  admissibility  for 

a given  probability  of  friend  acceptance. 

All  of  the  concepts  and  techniques  underlying  these  performance  gains  have 
already  been  demonstrated. 
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CORNER 

REFLECTOR 

Fij^iire  Z.  5.  3-1.  Type  A SIF/IFF  Circular  Array 
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b)  Antenna 


As  for  the  primary  radar  the  circular  configuration  was  selected 
because  it  inherently  exhibits  nearly  constant  beam  properties  and  driving-point 
impedance  as  the  beam  is  scanned  and,  additionally,  when  fed  by  a Butler  matrix 
the  circular  array  can  produce  fan  beams  with  essentially  vertical  contours  for 
all  angles  of  scan. 

Referring  Ijack  to  Figure  Z.  5.  3-1,  observe  that  the  selected  array  has 
64  elements  spaced  0.  65  wavelengths  apart  on  a 13.  31  wavelength  diameter 
circle.  One  quarter  of  the  elements  (16)  form  a sum  beam  while  all  64  generate 
an  optimal  difference  plus  cardioid  for  ISLS.  The  array  diameter  is  the  mini- 
mum consistent  with  azimuthal  resolution  requirements  for  the  planned  degree 
of  beamsharpening.  The  desired  directional  beam  is  produced  by  exciting  six- 
teen elements  with  a tapered  amplitude  distribution  approximating  a cosine- 
squared  function  on  a 10.  5 dB  pedestal  and  a phase  distribution  which  collimates 
the  beam  at  an  elevation  angle  of  about  1 5 degrees. 

Each  radiator  module  is  a stripline  version  of  a vertically  oriented 
full-wave  sleeve-dipole  antenna  with  an  integral  corner  reQector  element;  both 
are  etched  on  a single  PC  card  and  mounted  within  a 2.  5 inch  diameter  by  1 5 
inch  high  fiberglass  tube  along  with  polyurethane  foam  spacers.  The  effective- 
ness of  the  corner  in  reducing  wide  angle  radiation  is  evident  in  the  manner  in 
which  it  suppresses  mutual  coupling  between  elements.  The  coupling  between 
adjacent  elements  was  measured  to  be  -26  dB,  while  coupling  to  the  first  non- 
adjacent  element  was  found  to  be  -36  dB. 

The  sleeve  dipole  is  tuned  for  asymmetrical  currents  in  its  component 
arms  to  achieve  elevation  plane  shaping  with  the  beam  tilted  up  about  ten  degrees, 
yielding  steeper  rolloff  below  the  horizon.  The  half-power  beam  width  is 
approximately  forty  degrees. 

c)  RF  Distribution  System 

The  RF  distribution  network  implements  a selection  auid  illumination  to 
form  all  beams  and  steer  them  through  360°  with  0.  7°  granularity.  From  earlier 
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discvissions  recall  that  the  beams  of  interest  are  sum  for  uplink  interrogation, 
difference  plus  cardioid  for  uplink  ISLS,  and  left  and  right  for  downlink  amplitude 
monopulse  reception. 

In  the  simplified  block  diagram  of  Figure  2.  5.  3-4,  16  sectoring 
switches  (SP4T)  are  grouped  so  that  the  four  outputs  from  each  are  connected  to 
elements  spaced  by  90  degrees  and  are  thus  able  to  excite  any  one  of  the  64  sets 
of  16  contiguous  array  elements  spanning  a continuous  90  degree  sector  (show^i 
in  figure  exciting  elements  1 through  16). 

With  all  phase  shifters  set  to  zero,  the  RF  distribution  network  pro- 
vides excitations  at  the  switch  inputs  which  form  a sum  pattern  directed  along  the 
central  radius  of  this  group  of  elements.  To  achieve  this  result:  (a)  both  ampli- 
tude and  phase  distributions  must  exhibit  even  symmetry;  (b)  amplitude  must  be 
tapered  to  achieve  the  desired  side  lobe  level;  and  (c)  phase  must  be  controlled 
to  collimate  the  beam.  In  concert,  the  Butler -matrix,  collimating  line  lengths, 
and  input  power  divider  satisfy  all  of  these  requirements. 

It  is  a property  of  the  16x16  Butler-matrix  that  when  a linear  phase 
ramp  with  incremental  phase  shift  between  adjacent  terminals  equal  to  n/8,is 
introduced  at  the  Butler-matrix  input  terminals,  then  the  original  set  of  outputs 
is  reproduced  exactly  except  that  each  output  now  appears  at  the  next  higher 
numbered  terminal  and  the  output  originally  at  the  l6th  output  terminal  appears 
at  the  first  terminal  with  a 180  degree  phase  change.  This  enables  the  Butler- 
matrix  and  a set  of  phase  shifters  to  act  as  a commutation  switching  matrix,  in 
effect  able  to  rotate  a distribution  about  its  output.  Thus,  as  shown  in  Figure 
2.  5.  3-4,  if  the  output  of  sector  switch  1 is  relocated  from  array  element  1 to 
element  17  aj’d  if,  as  is  indeed  the  case,  the  path  lengths  through  the  se'  t )ring 
switches  differ  by  180  degrees  for  outputs  to  elements  in  adjacent  quadrants  of 
the  array,  then  the  original  sum  pattern  will  now  appear  radiating  in  the  direction 
midway  between  elements  9 and  10. 

The  64  cardinal  beam  positions  are  the  centers  of  64  coarse  st»'oring 
intervals.  To  obtain  the  required  512  beam  positions  requires  eight  fine  steering 
positions  within  each  coarse  steering  interval.  Eight  equally-spaced  fine  steer 
ing  positions  are  achieved  approximately  with  incremental  phase  differences 
which  are  multiples  of  n/64. 
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cl)  ISLS  Pattern  Generation 


An  idi'al  ISLS  pattern  is  one  whicli  does  not  inhiint  valid  replies  in  the 
main  beam  sector  of  the  directional  (sum)  pattern  a .d  inhibits  all  other  replies. 
When  a difference  pattern  is  used  to  perform  the  ISLS  function,  the  problem  often 
encountered  is  that  the  difference  pattern  does  not  provide  adequate  backlobe 
coverage.  With  a separate  omni-antenna  to  perform  the  ISLS  function,  there  is 
usually  adequate  backlobe  coverage  but  valid  replies  may  sometimes  be  inhibited 
as  a result  of  mismatched  elevation  plane  patterns  and/or  multipath  effects. 

The  All.  design  combines  tlie  best  features  of  both  the  difference  and 
omni  solutions  to  the  ISLS  problem.  As  shown  by  Figure  2.  5.  3-5,  the  sixteen 
elements  in  the  active  or  forward  quadrant  generate  a difference  pattern  which 
by  itself,  would  satisfactorily  perforni  the  ISLS  function  in  the  forward  quadrant. 
The  remaining  48  elements,  comprising  the  ''backfill''  sector,  are  excited  with 
equal  amplitudes  and  phases  to  generate  a cardioid  pattern  which  provides 
adequate  backlobe  coverage  throughout  the  270  degree  backfill  region.  The  two 
patterns  are  then  combined  to  form  the  composite  ISLS  pattern  shown  in  the 
sketch.  Thus,  all  sixty-four  elements  of.the  array  effectively  contributt?  to  th<' 
I.SLS  pattern. 

The  sum  pattern  and  the  difference  pattern  component  of  the  ISLS 
pattern  share  a common  aperture.  This  permits  minimal  displacements  between 
the  two  radiation  phase  centers  for  all  radiation  angles  throughout  the  forward 
sector.  As  a result,  the  elevation  plane  patterns  associated  with  the  ISL.S  and 
sum  beams  will  be  closely  similar,  and  the  ISLS  pattern  will  provide  satisfactory 
sidelobc  coverage  outside  the  sum  pattern  main  beam  for  all  elevation  angles. 
Further,  since  the  ISLS  patterns  null  coincides  with  the  sum  pattern  main-beam 
direction,  small  differences  in  elevation  plane  patterns  will  not  inhibit  any 
desired  target  replies.  Thus,  the  ISLS  pattern  piovides  a clean  reply  sector. 

e)  Receiver/T ransmitter  (R/T) 

The  R/T  is  a single  FRU  comprised  of  a dual  transmirter,  dual 
receiver,  and  a video  processor. 


DIFFERENCE 

PATTERN 


igure  2.  5.  3-5.  Generation  of  Optimum  ISLS  Pattern 


The  IranSTnitlor  consists  of  two  identical  solid  state  transmitters  with 
ISLS  switches  and  an  automatic  fast  switchover  relay.  The  switching  operation 
also  flags  a transmitter  failure  at  the  SIF/IFF  FilTE  reportin  g unit.  Hedundancy 
was  necessary  to  n>eot  relialjility  requirements. 

Each  transmitter  is  an  HF  pulse  amplifier  operating  Class  C and 
fabricated  in  stripline.  Collector  voltages  are  kept  low  (40V)  for  increased 
reliability.  Also,  Class  C mode  of  operation  draws  negligible  power  during  key 
up  period.  An  RF  exciter  in  this  LRU  uses  a crystal  oscillator  at  103  MHz 
feeding  fiX  and  ZX  multiplier  stages  to  provide  il5  dUni  at  10  30  MHz.  This 
output  feeds  the  transmitters  and  dual  receiver  mixers. 

A dual  receiver  provides  left  and  right  channels  to  support  amplitude 
monopulse  DF:  monopiilse  processing  is  implemented  in  a separate  Video 
Processor. 

The  r*  ceivers  implement  conventional  high  reliability  designs  and 
operate  at  low  voltage  with  low  power  consumption.  Each  receiver  channel  con- 
sists of  a preselector  for  1090  MHz,  a mixer-preamp  and  a 60  MHz  log  IF  strip. 
The  log  strip  uses  Plessy  1C  elements  and  provides  a dynamic  range  greater 
than  60  dB.  Since  monopulse  angle  information  is  determined  by  the  relative 
outputs  of  the  receiver,  the  receiver  must  track  within  1 dB  over  the  dynamic 
range  to  meet  azimuthal  accuracy  requirements. 

Video  processing  function  consists  of  pulse  width  preservation  (PWPl 
and  video  GTC.  This  is  done  on  both  right  and  left  channels.  .Summed  (R«.  L) 
channel  digitized  video  then  is  sent  to  the  digital  processor  for  determining  the 
target  range,  SIF  code,  M4  replies. 

Video  processing  functions  are  listed  below: 

• Monopulse  Azimuth  detection 

• Mo<lulation  of  transmitter 

• BITE  signal  generation  and  fault  detection 
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• Switchover  control 

• H/T  I/O  interface 

• Pulse  Width  Preservation  (PWP)  and  Video  GTC 

f)  SIF/IFF  Processing’ 

This  subsystem  consists  of  an  RDU/DBIFRUITEK  and  a TDU/TRU/ 
CODER.  Both  are  all  digital  plug-ins  made  up  of  lower  level  plug-in  PC  cards. 
The  RDU/DEFRUITER  contains  the  following  functions; 

• Defruiter 

• Reply  detector 

• Azimuth  processor  and  test 

• Transfer  electronics 

The  TDU/T RU/CODER,  built  around  a microprocessor,  contains  the 
following  functions; 

• MPU  - Microprocessor  unit 

• Memory 

• DMA  - Direct  memory  access  hardware 

• CODER /SI  F 

Each  of  these  FRU's  is  designed  to  accept  an  additional  unit  for  Mode 
4 when  deployed  in  Type  B sites. 

SIF'  processing  incorporates  all  of  the  field-proven  AN/TPX-42A 
techniques  (floating  range  bins,  finger-gating,  phantom  elimination,  full  MIL 
emergency,  etc.  ) in  a new  mechanization  using  a microprocessor,  IFF  process- 
ing (mode  4)  embodies  new  target  evaluation  algorithms  developed  for  AWACS. 

g)  Power  Consumption 

Tin-  SIF/IFF  prime  power  is  distributed  by  a power  management 

FRU. 

This  FRU  is  basically  a power  supply  with  IDLE  and  ON  modes. 

During  idle,  it  supplies  voltage  to  keep  alive  circuits,  and  when  ON,  full  opera- 
ting power  is  gradually  turned  on.  Power  is  reduced  immediately  after  each 
SIF/IFF  operating  cycle. 
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The  unit  is  divided  into  5 elements  which  are  listed  below. 

• Keep-alive/ BITE',  power  convert«!r 

• Low  voltage  converter,  5V 

• Medium  voltage  converter,  +15VDC 

• Transmitter  power  converter,  +40V 

• PIN  diode  driver  power  converter,  +2,  3V 

The  keep  alive/BITE  power  converter  is  on  continuously  to  energize  keep-alive 
circuits  and  the  catastrophic  failure  alarms. 

The  low  voltage  and  medium  voltage  elements  are  switched  on  by 
the  keep-alive/BITE  circuits.  DC  to  DC  power  converters  (chopper  type,  high 
efficiency)  feed  selected  circuits  so  that  a failure  in  one  circuit  does  not  take 
down  the  whole  system. 

Transmitter  power  converter  is  specifically  designed  to  supply  40 
volts  and  33  amperes  at  1 percent  duty.  This  as  well  as  all  other  power  con- 
verters are  short  circuit  protected. 

The  PIN  diode  driver  power  converter  provides  4A  peak  at  low 
voltage  (2.3V)  to  ensure  minimal  voltage  drop  across  diode  driver  transistors. 
This  also  ensures  low  power  consumption. 

This  element  operates  at  65%  efficiency  and  this  translates  to  the 
estimates  below  for  peak  power  consumption  for  the  entire  SIF/IFF  Type  A 
system.  Average  power  is  less  by  a factor  of  about  1000. 


Powe  r ; 

Watts 

IDLE 

ON 

ANT  Controller 

0 

. 55 

R/T 

0 

14.  1 

Command  Interface 

0.  1 

. 68 

SIF/IFF  Processing 

0 

1.  7 

BITE  HQ 

. 01 

.01 

Power  & Power  Manage 

. 1 

-- 

Pin  Diode  Driver 

Power  Converter 

0 

9.2 

. 21 

2().  i.4 

Conversion  Loss 

. 07 

9.  17 

. 27  watts 

35.  41  waB 

Average  power  consumption  is  negligible. 
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h)  RITE  Management 

BITE  is  distributed  throughout  the  SIF/IFF  system  with  sampling, 
control,  and  processing  within  this  FRU.  Each  ancillary  BITE  element  pre- 
processes  information  prior  to  sending  it  to  BITE  central  where  processing 
determines  appropriate  actions,  typically  a corrective  command  to  the  failed 
FRU,  a failure  report,  or  both.  Decisions  are  all  pre-programmed  within 
the  unit.  In  addition  to  the  above,  the  unit  also  contains  a status  report  formatter 
and  its  own  BITE. 

Pre-processed  BITE  data  are  collected  in  the  BITE  data  collection 
register.  All  expected  symptoms  of  failures  are  stored  in  code  in  the  symptom 
look-up  table  ROM.  If  symptoms  call  for  corrective  action,  the  corrective 
command  is  routed  to  the  failed  FRU  and  immediately  retested.  In  any  case,  the 
results  are  reported  in  the  status  report. 
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Z.  6 RELIARII.ITY/MAINTAINABILITY  ANALYSIS 


2.  ().  1 REI.IARILITY  Dr';STC,N  CONSIDERATIONS 

a ) Basic  Philosophy 

Present  day  operational  radars  typically  exhibit  mean-time-between- 
failures  in  the  orders  of  hundreds  of  hours.  Many  of  these  radars  were  primarily 
lineal  evolutions  of  a prior  design.  This  permitted  a reasonably  low  risk  pro- 
curement specification  to  be  developed  and  radars  procured  with  low  acquisition 
cost  and  short  delivery  schedules.  In  these  instances  the  low  acquisition  cost 
award  criteria  would  stimulate  the  radar  manufacturer  to  minimize  the  hardware 
content  of  his  design  while  addressing  a reliability  requirement  that  permitted 
many  single  p>oint  failure  mechanisms  in  the  hardware  design. 

Radars  designed  for  90%  probability  of  opc-rational  survival  for  3 
months  and  longer  are  not  lineal  evolutions  of  any  prior  design.  The  equivalent 
MTBF's  of  20,000  hours  and  up  will  not  permit  single  point  failure  mechanisms 
except  in  sub  elements  that  are  very  difficult  to  make  redundant  and  when  that 
subelement  has  very  few  part  with  extremely  low  failure  rates. 

The  key  feature  of  radars  with  >20,  000  hour  MTBF's  is  parallelism 
both  at  the  hardware  and  system  level.  Ideally  this  parallelism  in  the  hardware 
should  be  inherent  to  meeting  the  basic  system  performance.  In  this  case  re- 
dundancy is  "for  free"  and  not  needed  for  its  own  sake.  The  successful  cost 
effective  design  of  an  unattended  radar  will  exploit  parallelism  in  ways  that  will 
permit  specific  amounts  of  graceful  degradation  at  both  hardware  and  system 
level  without  adding  redundancy  for  its  own  sake, 

b)  Basic  Building  Blocks 

The  advances  in  reliability  potential  of  current  long  life  radar/ 
electronic  equipments  can  be  examined  in  detail  at  the  part,  the  assembly  and 
the  system  level  to  see  how  they  contribute  to  high  life  expectancy  in  the 
Unattended  Radar  designs. 
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Part  I evel 


Part  data,  in  general,  shows  that  the  present  generation  of  "high 
reliability"  parts  have  failure  rates  substantially  lower  than  earlier  generations 
of  these  parts.  This  is  borne  out  by  failure  rate  prediction  sources  such  as 
MIL -HDBK -2  1 7B  (Sept.  1974)  which  lists  much  lower  failure  rates  for  many 
parts  and  devices  than  MIL-HDBK-217A  (Dec.  1965)  or  RADC  Notebook 
Volume  U (Sept.  1967).  Not  only  did  the  data  base  for  217B  grow  over  a 
longer  period  of  time,  but  the  inclusion  of  very  early  data  (1950's)  on  tubed 
equipment  and  first-generation  semiconductors  was  eliminated  as  inconsistent 
with  contemporary  parts.  Thus,  a high  quality  silicon  diode  in  a ground,  fixed 
environment  would  have  a failure  rate  of  . 49  x 10"^  according  to  217A, 

.22  X 10  according  to  RADC  Notebook  Volume  II,  and  . 02  3 x lO’  according 
to  217B. 

P'or  devices  such  as  RF  power  transistors,  the  failure  rates  were 
either  lacking  in  earlier  handbook  sources  (217A)  or  limited  to  low  noise,  low 
power  applications  (RADC,  Volume  II),  Handbook  data  now  available  in  217B 
covers  power,  duty  factor  and  frequency  applications  for  RF  transistors. 

Even  the  effect  on  failure  rate  of  device  metalization  (aluminum  or  gold)  is 
considered.  Table  2,6.  1-1  is  a listing  of  RF  power  transistor  failure  rates, 
comparing  several  current  sources  of  data  and  shows  that  the  figure  used  in 
Unattended  Radar  reliability  estimates  is  compatible  with  others. 

Table  2.6.  1-1.  RF  Power  Transistor  (L-Band)  Failure  Rates 


Metalization 

Failure  Rate 

Source 

Aluminum 

10'*’  f/hr  for  T.  100°C 

J 

RADC  Report  TR-76-177,  June 
1976 

Aluminum 

10"^  f/hr  for  T.  100°C 

J 

W.  Poole  & L.  Walshak,  1974 
Reliability  Physics  Symposium 

Gold 

0.25  X 10‘%  .44x  10‘^ 

217B  incl  Notice  I - for  914509, 
510,  511  types 

Gold 

0.  3 X lO'z  (at  0°C)  to 

0.  6 x 10"  (at  50“C) 

Unattended  Radar  Reliability 
Predictions 
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Another  indication  of  the  improvement  in  part  reliability  comes  from 
NASA  experience  on  space  experiments  during  the  years  1965-1  972.  Data  was 
collected  during  this  interval  on  more  than  190  individual  experiment  payloads 
in  the  Orbiting  Solar  Observatory.  Pioneer,  Kxplorer,  Interplanetary  Moni- 
toring Probe  and  other  programs.  When  the  data  on  operating  time  and 
failures  are  reduced  it  shows  that  equipment  on  the  order  of  50,000  part 
complexity  has  attained  MTBF's  in  excess  of  2,700  hours  without  resort  to 
the  large  scale  redundancies  possible  for  ground -ope rated  equipment.  This 
result  would  probably  not  have  been  possible  with  the  parts  and  screening 
practices  of  a decade  earlier. 

Assembly  Level 

One  of  the  key  hardware  elements  of  the  Unattended  Radar  is  the  I/R 
solid  state  module.  The  failure  rate  estimated  for  this  assembly  is  compatible 
with  failure  rates  estimated  for  other  comparable  modules  as  shown  in 
Table  2.  6.  1-2. 


Table  2.6.  1-2.  Solid  State  Module  Failure  Rates 


Tyge. 

Failure  Rate  ()) 

Source 

TPS-59  SSM 
( L-Band) 

36  X 10-6 

o RADC  tests  reported  in 
Aviation  Week  issues  of 
December  6,  1976 

TSR  SSM 
( L- Band) 

21  X 10"^ 

o 217B  prediction  - J.  Sullivan 
memo  74:55,  21  May  1974 

PAVE  PAWS  SSM 
(UHF) 

8.  7 X 10-6 

o 217B  prediction  - J.  Sullivan 
memo  76:38,  1 3 Dec.  1976 

Unattended  Radar  SSM 

• L-Band  (3  receivers,  40  w peak,  6 microsec  pulse) 

X = 22.  6 X 10‘^  at  50°C 

11.  3 X 10‘^  at  0°C 

• UHF  (2  receivers,  200  w peak,  6 microsec  pulse) 

).  = 18.  4 X 10"^  at  50°C 

9.  2 X 10"^  at  0°C 

The  unattended  radar  S.S.M.  estimates  are  double  the  actual  217  B predictions. 
This  contingency  factor  was  assumed  in  recognition  of  the  impact  this  item  has 
on  system  cost-of-ownership.  The  above  unattended  radar  predictions  apply 
only  for  the  conditions  stated.  As  can  be  seen  in  Table  2.  3.2-2  a number  of  other 
module  configurations  have  been  considered  with  dramatic  impact  on  system  cost. 
The  S.S.M.  module  is  the  only  system  element  where  217  B predictions  were 
doubled. 
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System  Level 


There  is  no  way  to  properly  compare  distributed  function  systems, 
siu  li  as  tlu’  Unatlcndi  d Kadar,  with  non- redundant,  serial  systems  in  wliich  every 
part  failure  is  a system  failure.  Distributed  function  systems  with  additional 
spares  protection  are  highly  redundant,  have  a substantial  tolerance  for  individual 
part  failures  and  exhibit  very  low  effective  system  failure  rates. 

If  the  graceful  degradation  characteristics  of  the  baseline  Type  A 
Unattended  Radar  are  disregarded  then  at  an  average  ambient  of  0°C  and  every 
part  failure  considered  a system  failure,  the  non-redundant  radar  would  have 
a failure  rate  of  3.  677.  4 x lO'^  failures  per  hour,  equivalent  to  an  MTBF  of 
272  tiours.  With  appropriate  consideration  for  its  redundancies,  its  failure 
tolerance,  and  the  conditions  of  its  maintenance  for  a 3 month  unattended  interval, 
the  baseline  radar  behaves  like  a system  which  has  an  MTBF  of  20,  500  hours,  a 
75  fold  improvement  over  an  equivalent  serial  system. 

Thus,  distributed  function  systems  should  be  compared  with  other 
distributed  function  systems  if  one  is  to  properly  evaluate  the  feasibility  of 
attaining  the  potentially  high  MTBF's  that  long  life  designs  can  deliver. 

Table  2.6.  1-3  compares  several  recently  developed  distributed  systems.  The 
effective  MTBF  of  an  Unattended  Radar  design  is  the  highest  of  those  listed 
because  its  possess  a greater  degree  of  redundant  protection  and  is  exposed  to 
the  low  thermal  operating  stresses  of  an  artic  environment. 

Table  2.  6.  1-3.  Distributed  Function  Systems -Comparison  of 
Effective  System  MTBF's 


System 

MTBF 

Source 

PAVE  PAWS 

4,208  o 

217B  prediction  for  mature 
system 

SPG -34 

1 , 964  o 

Ordnance  Logistic  Information 
System  Data 

Unattended  Radar 
(3  months  system) 

20,  500  o 

217B  prediction  for  mature 
system 

On  the  basis 

of  these  comparisons  at 

all  levels  of  equipment 

complexity,  the  reliability  projections  for  the  Unattended /Minimally  Attended 
Radar  should  be  regarded  as  feasible  and  consistent  with  systems  sharing  the 
same  kind  of  functionally  parallel  architecture,  degree  of  redundant  protection, 
and  choice  of  high-reliability  parts. 
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c)  Basic  Reliability  Features 


In  terms  of  reliability  the  unique  feature  of  the  unattended  radar 
concept  is  the  highly  fault  tolerant  nature  of  the  entire  system: 

• The  highly  parallel  nature  of  the  system  a rchietecture  permit 
random  hardware  failures  to  be  apportioned  in  range,  azimuth 
and  elevation  such  that  the  total  randomized  detection  volume 
lost  in  a given  time  never  exceeds  that  resulting  from  an  equiva- 
lent Z dB  loss  in  transmit  power. 

• The  radiating  stack  is  entirely  passive  resulting  in  very  low 
failure  rates.  Modern  RF  power  transistors  are  obtainable  with 
much  better  median  life-times  than  earlier  equivalent  devices. 
TRSSM  failure  rates  are  such  that  redundancy  for  reliability 
purposes  is  not  required  for  a radar  capable  of  12  months  un- 
attended operation. 

• The  azimuth  steering  network  employs  R-2R  circular  lens  as 
the  basic  phasing  mechanism.  These  lens  are  totally  passive 
with  extremely  low  failure  rates.  The  active  switches  are  highly 
parallel  such  that  in  most  case  a failure  will  affect  but  a few  of 
the  total  available  beam  positions  (1536  L-band,  256  UHF). 

• The  highly  modular  nature  of  the  non- redundant  subsystems  such 
as  receiver  and  exciter  makes  off-line  sparing  economically 

attractive.  The  extensive  BITE  and  remote  diagnostic  facility 
make  manual  switching  of  off-line  spares  a practical  reality. 

• The  signal  processor  common  element  (CE)  architecture  has 
considerable  degree  of  natural  parallelism  coupled  with  th<'  veiy 
simple  sparing  of  off-line  CE's.  Sparing  is  accomplished  by 
activating  the  address  of  a failed  CE  in  an  inactive  spare  con. 
nected  to  the  bus  structure.  In  any  event  failure  of  CE  results 
in  loss  of  only  a fraction  of  the  range  coverage  due  to  the  assign- 
ment of  range  gate  blocks  between  all  CE's.  With  a simple  pro- 
gressive addressing  change  the  block  of  range  gates  can  be  moved 
to  a different  position  in  range  of  each  scan. 


2-183 


The  alx)ve  factors  prcatly  simplify  the  achievement  of  high  reliability 
for  the  vinattended  radar.  Other  helpful  influences  include; 

• A totally  benign  operating  environment  where  vibration  and 
shock  are  eliminated.  This  issue  is  very  important  given  the 
amount  of  cabling  involved  in  controlling  and  distributing 
signals  to  a 44-foot  ring  array. 

• System  operation  at  a 0°C  mean  temperature  thanks  to  arctic 
environments.  This  feature  permits  a two  fold  redunction  in 
failure  rates  compared  to  typical  50  °C  required  of  more  ubiquitous 
systems. 

• A program  development  schedule  which  assigns  to  full  year  of 
soak  testing  to  weed  out  latent  defects  in  the  hardware  design. 
Extensive  use  of  part  and  assembly  acceptance  screens  and  burn- 
in  tests. 

• Reduction  of  system  requirements  to  the  essentials  for  operation. 

• Selection  of  minimal  equipment  to  meet  the  requirements. 

• Use  of  all  components  in  a highly  derated  fashion  with  respect 

to  temperature,  voltage,  duty  cycle,  power  handling  or  mechanical 
stress. 

• Selection  of  those  technologies,  materials,  components  and  con- 
figurations that  have  demonstrated  highly  reliable  performance. 

• Provision  of  quality  controls  in  purchasing,  manufacturing  and 
installation  with  extensive  sampling  and  testing. 

2.6.2  RELIABILITY  MODELING 

The  cost  and  ultimate  viability  of  the  unattended  radar  concept  is  heavily 
influenced  by  two  key  factors: 

• What  constitutes  a system  failure. 

• How  long  can  this  system  failure  be  tolerated  before  a repair  action 

is  accomplished  i.  e.  , how  much  downtime  is  acceptable. 

The  first  issue  relates  to  the  inherrent  mean-time-between-failure  of  the  system 
and  defines  the  redundancy  needed  to  meet  MTBF  requirements  assuming  in- 
stantaneous repair  actions.  The  second  issue  defines  the  acceptability  of  per- 
mitting remote  reconfiguration  repair  actions  from  manned  sites  based  on 
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remote  failure  di'^gnoais.  This  latter  issue  must  be  addressed  from  the  view- 
point that  the  DEW  LINE  will  be  a contiguous  network  with  overlapping  coverage 
and  that  self-diagnosis/self  repair  actions  for  all  non- redundant  subsystems 
could  become  the  major  design  risk  in  the  equipment  development.  This  study 
is  based  on  the  assumption  that  non-real  time  remote  manual  control  of  switching 
in  off-line  redundant  subsystems  is  acceptable  and  desirable. 

a)  Definition  of  A Failure 

Failure  criteria  for  conventional  radars  are  typically  based  on  a 
single  beams  radiated  from  an  effective  point  source  and  the  maximum  per- 
missible degradation  in  performance  would  be  related  to  the  loss  of  effective 
detection  range  corresponding  to  a specific  loss  in  radiated  power.  Diminished 
range  detection  capability  is  not  sufficient  by  itself,  however,  to  satisfactorily 
describe  maximum  permissible  degradation  of  the  Type  A Unattended  Radar. 

For  radars  like  the  Type  A Unattended  Radar  which  use  360°  circular  arrays 
and  fill  space  completely  with  multiple  beam  coverage  for  each  complete  scan, 
it  should  be  more  practical  to  define  loss  of  detection  capability  as  loss  of  volu- 
metric coverage  and  the  specified  2 dB  of  detection  loss  should  be  allocated 
among  all  potential  contributors  to  volume  loss. 

There  are  three  possible  contributors  to  reductions  in  the  volumetric 
coverage  in  the  Type  A Unattended  Radar  as  shown  in  Figure  2.  6.  2-1. 

a.  Reduction  in  maximum  range  due  to  loss  of  transmitted  power. 

b.  Holes  in  the  solid  coverage  due  to  loss  of  radiated  beams  for 
specific  azimuths  and  elevations. 

c.  Holes  in  the  solid  coverage  due  to  loss  of  range  bins  within 
radiated  beams. 

Each  of  these  contributes  measurable  volume  loss  which  may  then  be  conver'^cd 
to  effective  power  loss  through  the  following  transformation- 


3/4 
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where  fractional  loss  in  power.  For  example,  a 2 dB  power  Inss 

equals  a 29  percent  loss  in  volume. 
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LOSS  OF  VOLUMETRIC 
COVERAGE  IN  ANGLE 
OR  ELEVATION 


Figure  2,  6.  2-1.  Types  of  Performance  Degradation 

In  the  reliability  analysis  that  follows  from  these  types  of  degradation, 
we  made  these  assumptions; 

Reduction  in  maximum  radar  range  coverage  and  the  corresponding 
volume  shrinkage  is  due  only  to  losses  in  transmitted  power 
resulting  from  failures  of  T/R  modules  and/or  antenna  elements 
of  the  Unattended  Radar.  Possible  changes  in  receiver  sensitivity 
as  a contributor  were  ignored  here  because  the  failure  rates 
affecting  transmitted  power  loss  are  much  higher  than  failure  rates 
affecting  receiver  sensitivity  degradation. 

- Volume  losses  which  are  power-related  may  be  directly 

combined  with  volume  losses  that  are  hole-related  to  obtain 
the  system's  total  volume  loss.  Volume  losses  may  then  be 
converted  to  equivalent  power  losses  using  equation  b-1  . 
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When  volumetric  coverage  loss  iB  due  to  holes  in  given  azimuth 
and  elevation  beams,  the  holes  are  randomly  distributed  over 
the  full  volume,  i.e.  , they  are  not  correlated. 

When  volumetric  coverage  loss  is  due  to  holes  in  given  range 
bins  within  a beam,  the  holes  are  randomly  distributed  along  the 
beam,  i.e.,  they  are  not  correlated. 

The  possible  overlap  in  holes  due  to  separate  causes  (e.g.,  loss 
in  maximum  range  aue  to  drop  in  transmitted  power  overlaps 
loss  of  the  outermost  range  bin  due  to  signal  processor  failures) 
may  be  ignored. 

b)  Setting  Failure  Threshold 

Clearly,  volumetric  coverage  losses  which  do  not  raise  the  total 
volume  loss  beyond  the  required  threshold  do  not  bring  the  system  into  a 
failure  state  in  spite  of  some  obvious  degradation  from  the  full  up,  complete 
solid  space  coverage  condition. 

To  be  practical,  any  combination  of  volume  losses  which  do  not 
exceed  this  threshold  level  constitutes  acceptable  system  degradation  and  'tie 
losses  may  be  apportioned  to  internal  system  elements  arbitrarily. 

In  order  to  relate  internal  hardware  failures  to  the  indicated  v'  I >>»•>»• 
loss  threshold,  coverage  space  for  the  radar  must  first  be  defined  in  tei'  ' 
the  maximum  number  of  elemental  "volume  cells"  which  a fully  operative 
radar  represents; 

= Np  ' ’^A.Z  " ^EL'  '^’’**'*  full-up  ' -1 

quantity  of  range  bins  delivered  by  the  Signal  Processor,  is  the  full  ip 

quantity  of  azimuth  positions  delivered  by  antenna  and  T/R  SSM  elements.  d 
N_.  is  the  full-up  quantity  of  elevation  beams  in  the  system. 

For  the  baseline.  Type  A Unattended  Radar  we  have  Ny  ~ (1  sn'  v 
(256)  X (6)  = 230,  400  volume  cells.  Figure  2,  6.  2-2  is  a representation  of  i 
single  volume  cell. 
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Figure  2.  6.  2-2.  A Single  Volume  Cell  in  a Set  of 
6 Beams  at  a Particular  Azimuth 


It  is  apparent  that  a close-in  volume  cell  occupies  less  volume  than 
a far-out  cell,  but  for  simplicity  of  analysis  all  volume  cells  will  be  considered 
to  i)e  equally  important  in  detection  capability. 

At  this  point  hardware  failures  can  be  categorized  which  produce  sys- 
tem failures  according  to  the  reliability  block  diagram  of  Figure  2.6. 2-3  for 
the  baseline  Type  A Unattended  Radar. 

\ reliability  diagram  of  this  type  normally  states  that  equipment  in 
each  of  the  blocks  is  required  to  be  fully  operative  for  system  success,  but  in 
the  case  of  radar  designs,  such  as  the  Unattended  Radar,  where  much  of  the 
operational  functions  are  distributed  and  shared  among  many  elements  at  a 
sinsle  site,  the  interpretation  of  the  diagram  is  modified  so  that  for  site 
system  success  at  least  some  minimum  amount  of  operative  equipment  in 
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• ANTENNA  ELEMENTS 

• T/R  MODULES 


• AZIMUTH  STEERING 

• RECEIVERS 

• BEAM  SWITCHES 

• SIG.  PROC.  COMMON 

ELEMENTS 


• EXCITER 

• DATA  PROC.  COMMON 

ELEMEN  TS 

• BITE 

• POWER  DISTRIBUTION 

• IFF 

• SERIAL  EQUIPMENT 


i 
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Figure  2.  6.2-3.  Baseline  Unattended  Radar  - 
Simplified  Reliability  Diagram 


Blocks  1,  2.  and  3 of  the  diagram  is  required  consistent  with  the  2 db  po« 
loss  threshold.  When  volume  loss  of  coverage  occurs,  it  is  assignable  N 
integral  numbers  of  parallel  ''channels''  in  Blocks  1 and  2 of  the  Unatterxicfl 
Radar. 

c)  Relating  Hardware  Failures  to  Loss  Threshold 

For  the  purpose  of  computing  volume  loss  in  Block  1 equipmei'*  is 
necessary  only  to  consider  the  fraction  of  the  antenna  element/T/R  moduN- 
group  which  is  in  a failed  state  and  multiply  the  power  loss  represented  I 
this  fraction  by  the  3/4  factor  to  convert  it  to  volume  loss.  For  the  piirr''S' 
of  computing  volume  loss  in  Block  2 equipment,  it  is  necessary  to  compnt 
number  of  volume  cells  that  are  lost  o’.  e to  failures  and  take  the  resulfiiu’ 
fraction  of  Ny  as  the  volume  loss.  If  Block  2 volume  loss  is  considered 
excessive,  redundant  protection  will  be  required  to  eliminate  volume  lr.«« 
contriijutions.  The  example  represented  by  Table  2.  6.2-1  shows  a hypo"  ••  tI 
Unattended  Radar  configuration  before  and  after  redundant  protection  an' 
should  make  clear  the  failure  level  computations  involved. 
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Table  2.  6.2-1.  Losses  in  Hypothetical  Unattended  Radar 


Unprotected 

Protected 

Item* 

Qty. 

No.  Fail.  Assoc. 

Allowed  Vol.  Loss 

Qty. 

No.  Fail. 
Allowed 

Assoc. 
Vol.  Loss 

Block  1 

- EL 

A 

256 

25 

. 073 

256 

28 

. 082 

Block  2 

- EL 

B 

96 

5 

. 052 

96 

7 

. 073 

Block  2 

- EL 

C 

3 

1 

. 333 

4 

1 

0 

Block  2 

- EL 

D 

6 

1 

.167 

7 

2 

. 167 

Block  3 

- EL 

E 

1 

0 

0 

1 

0 

0 

Total 

Vol, 

Loss 

. 625 

. 322 

(outside  threshold)  (within  threshold) 

*See  F'igure  2, 6.  2-3  for  Block  categories 

Among  the  points  to  be  made  from  the  example  of  the  table  are  these: 

The  unprotected  system  configuration  would  be  in  a failed  state 
with  the  indicated  numbers  of  allowed  failures.  The  system  must 
have  critical  elements  protected.  When  that  protection  is 
provided,  other  elements  may  have  their  failure  tolerance  level 
raised  and  the  protected  system  is  still  within  the  system 
failure  threshold. 

Some  elements  groups  have  natural  redundancy  if  a high  degree  of 
functionally  parallel  hardware  exists.  This  would  be  represented 
by  element  group  A in  Block  1 and  element  group  B in  Block  2. 
Other  element  groups  do  not  have  natural  redundancy  and  spare 
units  would  have  to  be  added  to  eliminate  their  contribution  to 
volume  loss.  Element  group  C in  Block  2 would  be  typical  of 
equipment  which  requires  spares  protection.  By  adding  a spare 
to  the  original  3,  we  can  eliminate  the  contribution  to  volume  loss 
represented  by  the  failure  of  a single  unit  of  Element  group  C 
and  still  satisfy  a reliability  requirement  based  on  the  permitted 
failure  of  a single  unit  of  element  group  C. 
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d)  Relating  Hardware  Failuree  to  Reliabili 

In  addition  to  the  need  to  satisfy  the  loss  threshold,  the  criteria  for 
establishing  the  acceptable  quantities  of  hardware  failures  must  simultaneously 
satisfy  the  reliability  requirement  of  0.  90  probability  of  survival  for  the 
unattended  period. 

Returning  to  the  hypothetical  system  of  Table  2,  6,  2-1,  the  reliability 
for  a 6-month  period  or  4320  hours  of  continuous  operation  can  be  calculated. 

Table  2.  6.  2-2.  Reliability  of  Hypothetical  Unattended  Radar 


Item 

Unit 

♦ 

Sys. 

Qty. 

No.  Fail. 
Allowed  1 

?(6  mo) 

Sys . 
Oty. 

No.  Fail. 
Allowed 

P(6  mo) 

** 

Block  1 

- EL  A 

11.9 

256 

25 

.9994 

256 

28 

. 9999 

Block  2 

- EL  B 

. 13 

96 

5 

. 9999 

96 

7 

. 999Q 

Block  2 

- EL  C 

20.  0 

3 

1 

, 9805 

4 

1 

. 9645 

Block  2 

- EL  D 

30.  8 

6 

1 

. 8344 

7 

2 

.95^4 

Block  3 

- EL  E 

5.  0 

1 

0 

. 9786 

1 

0 

. 9786 

Svstem  Reliability 

. 8000 

. 9054 

♦These 

are  assumed 

failure 

rates 

in  failures 

per  10^ 

hours 

The  unprotected  system  not  only  exceeds  the  loss  threshold  (Tahl«- 
2.6.  2-1),  but  fails  to  meet  the  reliability  requirement  (Table  2.  6.  2-2),  whe-.-s® 
thf  protected  system  complies  with  both  requirements.  It  is  entirely  possit  b 
that  some  unprotected  configuration  would  not  meet  the  loss  threshold,  but  wr.nlH 
have  computed  probabilities  of  survival  in  excess  of  0,  90.  Unless  both  the  I^hs 
and  the  reliability  criteria  for  that  level  of  loss  are  simultaneously  satisfied, 
the  system  is  not  in  compliance. 

In  the  Unattended  Radar  study,  only  those  systems  were  considered 
by  Raytheon  which  fully  met  the  simultaneous  loss  and  reliability  criteria 
with  the  least  hardware  complements  possible. 

**  Includes  the  antenna  radiating  stack  and  connectors. 
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<■)  Additional  Modes  of  Partially  Degraded  Operation 

Methods  to  randomize  the  "hole"  type  coverage  degradation  can  be 
conceived.  For  example,  if  a signal  processor  common  element  should  fail  and 
all  spares  have  already  been  exhausted,  then  the  range  "hole"  created  by  this 
failure  could  be  moved  around  on  a scan-by-scan  basis.  This  would  cover  all 
angles,  but  the  average  revisit  time  is  increased  and  the  system  is  generally  de- 
graded over  the  entire  volume  rather  than  suffering  complete  outage  in  one  section. 
Another  possibility  is  the  randomization  of  beam  outages  due  to  azimuth  steering 
switch  failures.  The  objective  is  to  prevent  large  contiguous  blocks  of  beams  to 
fail.  As  the  even/odd  switching  arrangement  provides  complete  redundancy,  beam 
failure  randomization  would  prevent  outages  in  beams  at  the  expense  of  a general 
degradation.  These  and  other  concepts  require  further  examination.  The  general 
objective  should  be  to  prevent  any  actual  complete  holes,  and  have  the  radar 
gracefully  degrade  uniformly. 

2.  6.  3 REUABILITY  COST  SENSITIVITY 

Three  of  the  most  significant  factors  which  exhibit  sensitivity  to  the  cost 
versus  reliability  trade-offs  for  any  Unattended  Radar  are: 

• Cost  of  hardware  required  to  satisfy  system  reliability,  a function 
of  required  redundancy; 

• Cost  of  validating  the  reliability  attained  by  a given  system  con- 
figuration, a major  testing  cost; 

• Cost  of  maintenance  crews  and  maintenance  doctrine,  carrying 
impact  on  operation  and  support  for  the  entire  system  service 
life. 

All  of  these  are  incorporated  in  the  Life  Cycle  Cost  models  developed 
for  the  study,  but  some  discussion  is  pertinent  here. 
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a)  Hardware  Impact 


In  Table  2. 6.  2-1,  it  is  shown  that  the  addition  of  spare  equipment 
to  the  hardware  complement  is  generally  necessary  in  order  to  comply  with 
required  probabilities  that  failure -induced  loss  thresholds  not  be  exceeded. 

As  the  hardware  complement  grows,  the  acquisition  and  replacement  spares 
cost  of  the  hardware  grows  too.  The  growth  occurs  not  only  to  the  duplicate 
hardware  involved  but  also  to  the  fault  sensing  and  switching  hardware  and 
software  which  must  sense  and  report  the  equipment  failure  status. 

b)  Test  Validation  Impact 

It  is  expensive  to  run  tests  which  demonstrate  with  reasonable 
statistical  validity  the  level  of  attained  reliability  because  such  tests  take  a 
long  time  to  complete.  The  more  reliable  the  system,  the  longer  it  takes  to 
demonstrate  that  reliability. 

Figure  2.  6.  3-1  is  a plot  of  test  duration  versus  statistical 
confidence  in  the  test  result  for  a system  which  has  a constant  failure  rate 
and  satisfies  a reliability  requirement  of  0.  90  probability  of  survival  for  an 
unattended  period  of  3 months  (i.  e.  , 2160  hours  of  continuous  operation). 

To  prove  that  the  system  reliability  is  that  good  with  moderate  confidence,  nv. 
50%,  it  would  take  about  1-1/2  years  of  continuous  operation  of  a single  svs»»ni 
without  experiencing  a single,  scorable  system  failure.  Or,  you  could 
achieve  the  same  level  of  proof  with  a single  system  operating  for  about  4 
continuous  years  with  no  more  than  a single  system  failure  within  that 
interval. 

If  probabilities  of  survival  of  0.  90  for  even  longer  unattended  periods 
are  required,  the  test  validation  time  and  costs  increase  correspondingly. 

For  example.  Equation  (b-2)  shows  that  the  least  test  time  in  system  hours 
'or  demonstrating  compliance  for  any  unattended  radar  with  0.  90  survival 
probability  is  proportional  to  the  required  system  MTBF,  or  inversely  pro- 
portional to  the  system  failure  rate: 


SYSHM  - HOMS  Of  TtH 


Figure  2.  6.  3-1.  Required  Test  Time  to  Demonstrate  0.90  Probability 
of  Survival  for  3 Months  at  Indicated  Confidence  Level 
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Required  System  Failure  Rate,  \ 
where  t is  the  unattended  period. 


In  O.90I 

t J' 


(Eq.  b-1) 


fi  • X X 

Least  test  time  = -2-^ = — , where  (Eq.  b-2) 

2 

X is  the  value  of  chi-square  for  zero  failures  at  the  desired  confidence  level  and 

2 

0 is  the  system  MTBF,  the  reciprocal  of  X..  Since  X increases  as  confidence 
increases,  the  test  time  has  to  be  greater  if  more  quantitative  confidence  in  the 
result  is  desired  as  shown  in  Figure  2.  6.  3 - 1 . 


Suppose  for  example,  it  is  planned  to  conduct  the  least  amount  of 

testing  at  arctic  sites  which  would  demonstrate  0.90  probability  of  survival  for  a 

3-month  unattended  period  at  a confidence  level  of  90%.  We  could  use  equation 

b-1  to  find  \,  the  effective  system  failure  rate  of  48.  7 x 10’^  f/hr,  which 

satisfies  the  probability  of  survival.  Then  equation  b-2  would  be  solved  for  the 

2 

amount  of  system  test  time  using  the  value  of  \ together  with  a value  of  X 
corresponding  to  2 degrees  of  freedom  (for  zero  failures)  and  90%  confidence. 
Using  = 4.60,  the  amount  of  required  testing  is  47,228  hours.  If  18  months 
of  continuous  test  time  is  available  for  the  validation  phase  of  the  program,  this 
amount  of  testing  would  require  four  systems  to  run  simultaneously  and 
continuously  without  a single  failure  for  11,800  hours  or  about  16.4  months  - 
very  close  to  the  allotted  validation  time.  Figure  2.6.  3-1  could  have  been  noed 
to  determine  the  required  test  time  as  an  alternative  to  equations  b-1  and  h-.l. 
since  it  is  plotted  for  a system  which  satisfies  the  value  of  \ used  in  the 
preceding  example. 


Substantial  savings  in  the  duration  and  cost  of  validation  tests  are 
possible  if  the  testing  can  take  place  at  elevated  temperatures  at  the  contrai-t  t' 
plant  instead  of  at  the  operational  arctic  environment.  Figure  2.6.  3-2  illustrates 
this  for  hypothetical  electronic  equipment  containing  a mix  of  parts  as  indiral" d. 

If  the  mix  is  close  enough  to  the  parts  comprising  the  Unattended  Radar,  then  i 
test  conducted  at  an  ambient  of  95°C  would  accelerate  failure  mechanisms  bv  a 
factor  of  10  and  diminish  the  required  validation  time.  A single  system  tested 
at  this  temperature  and  running  continuously  without  a failure  would  requite 
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TIME  acceleration  FACTOR 


1/10  X 47,228  = 4,  723  hours  o r about  6-1/2  months  to  reach  the  same  confidence 
f«'vel  of  90%  for  0.90  probability  of  survival  that  four  systems  required  in  more 
than  16  months  of  testing. 

The  curve  of  Figure  2.  6.  3-2  is  a composite  of  Arrhenius  relationships 
for  the  part  mix  shown  and  was  extrapolated  from  failure  rate  versus  temperature 
information  given  in  Mil. -HDBK-21  7B  for  those  parts. 

c ) Maintenance  Doctrine  Impact 

Maintaining  the  Type  A unattended  radar  on  a scheduled  basis  is  not  the 
only  maintenance  doctrine  that  could  be  used.  It  would  be  possible  to  service  un- 
attended sites  on  a demand  basis  instead.  This  would  mean  that  a site  would  be 
visited  when  the  level  of  performance  degradation  exceeded  some  amount,  regard- 
less of  what  was  expected  by  a calendarized  schedule.  If  the  degradation  level 
triggered  a maintenance  call,  the  system  would  rarely  ever  reach  a system  failure 
state  since  the  demand  could  be  based  on  anticipation  of  failure  prior  to  actual  fail- 
ure and  system  availability  would  be  extraordinarily  high  compared  with  scheduled 
visits  for  a maintenance  doctrine  which  goes  by  a fixed  schedule  and  on  occasion 
results  in  visits  to  sites  which  have  entered  the  system  failure  state. 

An  "anticipation-of-failure"  maintenance  concept  would  generally  re- 
quire more  maintenance  visits  than  a simple  repair-when-failed  concept.  However, 
the  radar  net  availability  would  be  higher  and  the  visits  could  be  scheduled  with 
more  flexibility.  Thus,  repairs  on  systems  exhibiting  degradation  close  t('  *br 
failure  threshold  could  be  scheduled  for  periods  of  clear  weather  or  in  antirip  itioti 
of  bad  weather. 

For  this  concept  to  be  attractive,  the  radar  would  need  to  have  a 'u?ic 
grained'  rate  of  failure  which  permitted  high  confidence  in  the  time  available  '^or 
repair  before  complete  system  failure. 

A purely  periodic  scheduled  maintenance  would  involve  the  highest  risl- 
of  radar  outage  unless  frequent  visits  were  scheduled.  A ninety  percent  sur\  ival 
factor  between  periodic  visits  would  clearly  not  be  adequate  since  ten  perrer^  of 
the  radars  would  be  In  a failed  state.  The  correct  value  with  this  concept  is  pro- 
bably closer  to  99  percent  and  the  exact  definition  depends  on  the  definition  of  what 
is  a reasonable  equipment  outage  time  before  repairs  can  be  effected. 
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The  most  efficient  trade-off  between  crew  utilization  and  system 
availability  would  appear  to  be  a combination  of  periodic  maintenance  and 
anticipated  failure  on-demand  maintenance.  The  entire  field  of  maintenance 
and  logistics  concepts  including  consideration  of  transportation  and  crew 
safety  is  a subject  requiring  careful  and  detailed  analysis  beyond  the  scope 
of  this  reported  study. 
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2.6.4  PRIMARY  RADAR  BASEI  INE  SYSTEM  RELIABILITY 


a)  Baseline  Syatem  Reliability  Model 

The  baseline  for  the  Type  A Unattended  Radar  is  an  L band  system 
which  has  256  antenna  elements  and  associated  T/R  solid  state  modules. 

Without  considering  the  spare  units  required  for  redundant  protection,  the  basic 
functions  of  the  system  up  to  the  antenna/ TRSSM  elements  are  provided  by  an 
azimuth  steering  subsystem  which  contains  three  R-2R  lenses,  three 
receivers,  a single  exciter,  a signal  processor  containing  a requisite  number 
of  "common  element"  channels,  an  IFF  subsystem,  system  power,  BITE  and 
inte  rconnections. 

The  baseline  system  complement  is  also  augmented  by  sufficient  sub- 
system spares  to  satisfy  a reliability  of  0.90  for  an  unattended  period  of  3 
months.  The  reliability  is  defined  as  the  probability  of  surviving  the  unattended 
interval  without  exceeding  internal  failure  levels  that  exceed  a 2 db  power 
loss. 

For  a Type  A system  which  satisfies  this  reliability,  redundant 
protection  must  be  added  to  the  basic,  unprotected  complement  as  indicated 
in  Table  2.  6.  4-1,  The  corresponding  reliability  block  diagram  is  shown  in 
Figure  2. 6. 4-  1 . 

The  required  reliability  of  the  baseline  system  and  alternate  con 
figurations  of  the  Type  A radar  is  achieved  by  a combination  of  factors, 
including,  among  others: 

Intrinsic  parallelism  for  many  functions,  thus  permitting  soine 
degree  of  internal  failure  without  excessive  degradation. 

- Added  spare,  redundant  elements  to  protect  critical  components 
from  introducing  excessive  degradation  at  failure.  Spares, 
when  present,  are  used  in  a dormant,  standby  mode  to  conserve 
power. 

Use  of  high  reliability  parts  and  materials,  typically,  MIl.-M  ^®5I0 
class  B integrated  circuits,  JANTXV  transistors  and  diodes  end 
ER  type  resistors  and  capacitors  at  reliability  level  R or  belter. 
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Table  2.  6.  4-1.  Baseline  Type  A Unattended  Radar  (P  (3  mos)  = 0.90) 
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Other  factors  which  amplify  and  supplement  these  are  discussed  in 
Sect  ion  2.6.  1 . 

Reference  to  Figure  2.  5.4-1  shows  that  the  baseline  system  consists 
of  eleven  subsystems  from  both  a hardware  and  a reliability  point  of  view.  Each 
subsystem  is  comprised  of  elements  possessing  constant  failure  rate  and  the 
elements  function  in  one  or  another  of  three  operational  reliability  modes: 

(1)  Active,  parallel  operation  of  all  elements  in  the  subsystem, 

(2)  Active  operation  of  some  elements  of  the  subsystem  while  others 
are  in  a dormant,  standby  mode  awaiting  activation  by  the  fault 
sensing  and  switching  circuits, 

(3)  Active,  serial  operation  of  all  elements  in  the  subsystem. 

Subsystems  operating  in  Reliability  Mode  1 are  the  Antenna,  the 
TRSSM  and  the  Azimuth  Steering  Channels.  Subsystems  operating  in  Reliability 
Mode  2 are  the  Beam  Switches,  Receivers,  Exciter,  Signal  Processor  (serial 
portion).  Signal  Processor  Common  Elements  and  Data  Processor  Common 
Elements.  Subsystems  operating  in  Reliability  Mode  3 are  the  Power  Distribu- 
tion, the  BITE/ Interconnections  and  the  IFF. 

Though  individual  elements  of  a subsystem  may  possess  constant 
failure  rate,  the  subsystems  which  operate  in  Reliability  Modes  1 and  2 do  not 
then. selves  possess  a constant  failure  rate,  since  their  mathematical  reliability 
functions  are  not  described  by  simple  exponentials.  Only  subsystems  which 
operate  in  Reliability  Mode  3 have  a constant  failure  rate,  since  these  subsystems 
arc  totally  serial  in  character,  possess  no  redundant  protection  and  have  simple 
exponentials  for  their  mathematical  reliability  functions. 

The  overall  baseline  system  reliability,  however,  is  the  product  of 
individual  subsystem  reliabilities,  since  the  subsystems  are  serial  with  respect 
to  one  another  and  the  system  is  in  a failed  state  if  any  subsystem  is  in  a fully- 
failed  state. 

For  the  system,  then,  the  reliability  model  is  simply 
n 

R (‘)gygtem  “ ^ ^ ^ ^ ^ ‘ ^ ^ 
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individual  subsyalems  reliabilities  for  the  n subsystems.  An  individual  sub- 
system reliability  may  not  be  so  simply  expressed.  For  example,  the 
ri  liability  of  the  combined  Antenna/ TRSSM  subsystem.s  is 


R (t) 


Ant/ TRSSM 


k 

= E 

i=0 


(T) 


1 - 


where  k 


(Eq.  a-2) 


out  of  m = 256  elements  may  be  permitted  to  fail  without  causing  excessive 

t 

degradation,  = e ® is  the  reliability  of  an  element  combined  Antenna  and 
TRSSM)  possessing  constant  failure  rate  and  t is  the  unattended  period  of 
interest.  This  illustrates  the  type  of  reliability  function  appropriate  to  sub- 
systems which  operate  in  Reliability  Mode  I. 

Subsystems  which  operate  in  Reliability  Mode  2 may  be  illustrated  by 
the  reliability  function  for  the  Receiver  subsystem  which  has  the  form 


R (t) 


(x_  t)' 


Receive  r 


where  k 


i=0 


({•.'q.  a - 3) 


standby  elements  protect  the  basic  complement  of  m receiver  elements  and  may 
be  permitted  to  fail  without  causing  excessive  degradation,  is  the  constat'' 
failure  rate  of  a single  receiver  element  and  t is  the  unattended  period  of 
inte  rest. 

b)  Baseline  System  Reliability  Estimate 

The  reliability  estiniate  corresponding  to  a 3-month  unattenderl  po-iod 
for  the  baseline  Typo  A radar  was  computed  from  Equation  a-1  after  subsvstoi  > 
reliabilities  were  calculated  with  functions  of  the  form  of  Equation  a-2  or  3, 
as  appropriate.  These  have  been  tabulated  in  the  last  column  of  Table  2,'-.  4 1. 

The  following  conditions  and  assumptions  apply  to  the  estimate- 

Failure  rates  for  high  reliability  parts  were  taken  from  X<1' 
HDBK-217B,  Tables  3-1  through  3-10. 

Modifying  factors  that  were  used  corresponded  to  the  gr<i'ii<  i, 
fixed  environment:  quality  levels  were  appropriate  to  Ml'  ^.1-3P510, 
class  B,  JAN  TXV  and  ER  Irvf  I It.. 
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Connectors,  printed  circuit  boards,  and  interconnecting  cables 
were  used  in  conjunction  with  parts  lists  derived  from  existing 
designs  of  similar  complexity  and  function. 

Past  failure  history  or  statistically  valid  test  data  on  certain 
critical  items  was  used  to  modify  21  7B  failure  rates.  Examples 
are  pin  diode  failure  rates  based  on  billions  of  part  hours  in 
operation  of  the  MSR  phased  array  radars  at  Meek  Island  and 
North  Dakota  and  RF  power  transistors  at  L band  based  on  tests 
at  Microwave  Semiconductor  Corp.  and  Raytheon  TSR  System. 

Mean  arctic  temperature  excursions  from  -60°F  to  +50°F  were 
considered  in  applying  an  "average"  operating  ambient  of  0°C  and 
in  reducing  failure  rates  to  correspond  to  such  a cold  temperature 
ambient. 

When  spares  redundancy  was  employed,  the  least  amount  of 
hardware  required  to  satisfy  the  reliability  for  the  degradation 
threshold  was  sought.  This  was  done  to  minimize  the  acquisition 
cost  and  logistic  cost  of  the  system  so  "optimized". 

In  modeling  the  system  an  antenna  element  is  combined  with  its 
associated  T/R  solid  state  module  so  that  the  antenna  function 
and  the  TRSSM  function  are  combined  into  a single  subsystem. 

The  tree  dependency  of  an  Azimuth  Steering  Channel  is  shown  in 
Figure  2.  6.  4-2.  The  reliability  analysis  treats  each  level  in  the 
tree  independent  of  other  levels.  No  failures  are  permitted  at 
the  "A"  or  "B"  switch  level  and  only  from  the  ”C"  level  onward 
is  there  any  tolerance  for  failure -induced  degradation.  When 
degradation  at  any  permitted  level  exists,  it  is  treated  as  the 
maximum  possible  and  all  such  degradations  are  added  to  obtain 
total  degradation  within  the  Azimuth  Steering  subsystem.  This 
probably  makes  the  reliability  estimate  conservative  for  this 
subsystem,  since  many  switches  could  fail  at  a given  level  without 
causing  the  maximum  possible  power  loss  used  in  the  analysis. 
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The  reliability  estimate  for  3-month  Unattended  baseline  Type  A 
radar  with  consideration  for  these  assumptions  is  0.91  as  indicated  in  Table 
2.b.4-l.  The  required  degree  of  redundant  spare  protection  is  shown  in  the 
Ihirfl  column  of  the  tal)le  and  in  Figure  2.  6,  4-1, 

b)  Baseline  Reliability  Estimates  for  6 and  12  Months 

The  reliability  estimate  provided  was  a baseline  system  configuration 
which  satisfies  0.  90  probability  of  not  exceeding  2 db  power  loss  for  a 3-month 
unattended  period.  When  the  requirement  is  extended  to  satisfy  0.90  reliability 
for  6 months  or  12  months,  more  spares  must  be  added  to  the  system  configur- 
ation. Table  2.  6.  4-3,  attached,  for  6 and  12-month  unattended  periods  of  oper- 
ation may  be  compared  with  Table  2.6,4-!  where  the  configuration  for  a 3-month 
unattended  period  has  been  described. 

In  summary,  the  baseline  system  may  be  optimized  for  3,  6,  or  12- 
month  unattended  operation.  When  this  is  done,  the  coresponding  reliabilities 
for  the  specific  optimum  configurations  are  0.910  for  the  three-month  syoiem, 

0.  R97  for  the  six-month  system  and  0.  896  for  the  twelve  month  system. 

2.  6,  5 RELIABILITY  OF  ALTERNATE  DESIGNS 

Reliability  analyses  of  the  baseline.  Type  A Radar,  have  been  given  it' 
Section  2.6.4,  The  baseline  system  is  characterized  as  an  L Band  confit’ "ration 
with  three  lenses,  three  receivers,  256  antenna/TR  solid  state  modulo®  atwl 
6 beams,  among  other  attributes. 

Many  other  alternative  designs  were  considered,  differing  from  the  h.asel ine 
system  by  having  other  quantities  of  lenses,  beams,  receivers,  solid  state 
modules,  etc.  72  alternatives  were  listed,  for  example,  in  Table  2,  2.  2 -?  <f 
Section  2.2.4.  These  alternative  configurations  are  believed  to  contain  mo®! 
of  the  potentially  realizable  systems  within  the  bounding  guidelines  laid  df  \-.  n 
in  Section  2.  1.  Performance,  reliability,  cost  and  other  significant  variables 
were  traded  off  against  each  other  and  against  the  baseline  system  for  opfiitmm 
Life  Cycle  Costs. 
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igure  2.  6.  4-2.  Reliability  Diagram,  Single  Azimuth  Steering  Channel 
(One  of  Three  in  Baseline  System) 


Table  2.  6.  4-3.  Baseline  Type  A Radar  - 6-Month  and  12-Mcnth  Unattended  Operat  on 
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The  reliabilities  of  a number  of  the  alternatives  were  examined  in  detail 
where  it  was  felt  that  their  designs  possessed  significant  features  that  were 
interesting  or  attractive  from  a performance  point  of  view  or  where  it  was 
believed  that  high  reliabilities  could  be  achieved  with  smaller  complements  of 
hardware.  Some  representative  results  are  tabulated  in  Table  2.6.  5-1.  In  all 
cases,  the  system  complement  of  hardware  was  "optimized"  to  establish  the 
smallest  quantities  of  spares  that  would  be  consistent  with  reliability  of  0.90 
for  the  indicated  unattended  period.  As  before,  the  criterion  for  reliability  is 
the  probability  of  surviving  the  unattended  interval  without  exceeding  the  2 dB 
power  loss  threshold. 

To  facilitate  the  rapid  and  accurate  calculation  and  optimization  of  the 
large  number  of  cases  represented  by  Table  2.6.  5-1,  a computer  program  was 
developed  for  this  purpose. 

The  detailed  failure  rate,  reliability  and  sparing  data  down  to  the  field 
replaceable  unit  (FRU)  level  for  the  cases  summarized  in  Table  2.  6.  5-1  are 
presented  in  Appendix  B in  the  form  of  computer  printouts  from  this  reliability 
estimation  program. 
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2.  (..6  SIF/IFF  RELIABILITY 

The  reliability  analysis  performed  on  the  SIF/IFF  used  the  same  component 
failure  rate  <Iata  as  for  the  primary  radar.  However,  unlike  the  primary  radar 
a very  low  duty  cycle  of  operation  is  used.  This  duty  cycle  of  two  one-second 
transmission  per  hour  has  a dramatic  impact  on  the  reliability  model.  Normally, 
the  IFF  is  in  a dormant  state  until  the  radar  senses  a target  and  activates  the  IFF 
to  perform  its  identification  function.  Thus,  the  operational  profile  for  the  IFF 
involves  the  effects  of  extremely  low  electrical  stresses  during  dormancy  along 
with  the  periodic  turn-ons  and  turn-offs  related  to  target  detection  or  status 
tests.  The  appropriate  model  for  the  IFF  supplements  those  given  in  the 
referenced  memo  below  and  is  expressed  as 

R(t)jj,j,  = e■^^^  (Eq.  c-l) 

where  X is  the  in-service  failure  rate  of  the  IFF  under  dormancy  and  cyclic 
s 

conditions.  For  the  in-service  rate  we  have 

X = fd  + (I  - d)  c + NKC]  X_,  where  (Eq.  c-2) 

s * ^ 

d is  the  duty  cycle,  C is  the  ratio  of  dormant  to  energized  failure  rate,  N is  the 
average  cyclic  rate  and  K is  the  ratio  of  cyclic  to  dormant  failure  rate.  X^  is 
the  failure  rate  in  the  continuously  energized  condition. 

Appropriate  values  of  C and  K have  been  published  for  many  part  types  in 
documents  such  as  RADC  Report  TR-73-248,  "Dormancy  and  Power  ON-OFF 
Cycling  Effects  on  Electronic  Equipment  and  Part  Reliability".  By  averaging  the 
values  of  C and  K for  the  mix  of  parts  in  the  IFF  subsystem  and  by  using  reason- 
able estimates  of  cyclic  rate  and  duty  cycle  we  can  generate  Table  2.6.  6-1  giving 
the  effective  failure  rates  for  major  assemblies  of  the  IFF  and  for  X^.  The 
effects  of  cycling  and  dormancy  reduce  the  active  failure  rate  in  the  arctic 
environment  by  a factor  of  30. 


2-210 


1 


Table  2.  6.  6-1.  IFF  Failure  Rates  (Type  A System) 


Failu  re 

Rato 

f-’slimat os  x 1 0 ^ 

(/hr. 

Assembly 

0°C 

o”c,  Cycled  A Dormant 

ANT  Assy. 

76.90 

38.45 

1.28 

ANT  Control 

3. 82 

1.91 

. 06 

Receive  r 

11  . 39 

S.  70 

.19 

Video  Process, 

4.  97 

2.40 

. 08 

Transmitter 

Processor  Rl)tt/DEF 

15.47 

7.74 

. 26 

Processor  TDl’/Coder  A 

22.  lb 

11.08 

. 37 

Command  Interface 

5.  01 

2.  51 

. 08 

Power  Mgmt. 

3.  38 

1 . 69 

.06 

BlTi: 

11.23 

5.  62 

.19 

A = 2, 57 

3 moa. 

*Tranamitter  used  in  a dual  arrangement,  yielding  time  dependent  failure  rate. 
For  3 months  use  .003;  for  6 months  use  .007;  for  IZ  months  use  .014. 

The  effect  of  the  above  failure  rates  is  to  provide  a single  thread  SIF  /IF'F 
design  with  excess  reliability  to  meet  the  0.  974  availability  apportionnif'nt 
(80,  000  hours  MTBF)  allotted  to  the  equipment  as  part  of  the  overall  type  A radar. 

Table  2.6.  6-2  shows  the  various  levels  of  reliability  achieved  by  the 
single  thread  system  for  each  of  the  applicable  factors. 
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T able  2.  6.  6-2 


SIF/IFF  System  Reliability 


Condition  s 

Effective  Failure 

Rate:  FPMH 

Equiv  Effective 
MTBF:  Hours 

Single  Thread  at  100% 
Duty  and  50*^C 

154 

6,  500 

Translation  to  O^C 

77 

13,  000 

Translation  to  Low 

Ehity  (0.  001 ) 

2.6 

390, 000 

Adjustment  for  2 dB 
Degradation 

1.  5 

670,000 

Even  without  the  last  adjustment,  these  estimates  yield  0.  995,  0.989  and 
0.  978  probabilities  of  fail-free  operation  for  periods  of  3,  6 and  12  months, 
compared  to  an  apportionment  of  0.  974. 

At  unattended  Type  A sites,  IFF  system  operation  is  on  demand  and 
cycled  on  the  average  twice  per  hour  at  0°C.  The  system  configuration  is 
illustrated  in  the  reliability  block  diagram  of  Figure  2.6.  6-1,  For  the  0° 
cycled  condition,  the  probability  of  success  was  determined  for  3,  6,  and  12 
months  and  listed  in  Table  2.  6.  6-3  together  with  effective  failure  rate  and  MTBF. 
In  each  case,  the  allocated  value  of  . 9734  is  exceeded. 

Table  2.  6.  6-3 

Type  A SIF/IFF  System  Reliability 


I'aramotpr 

3 

Period:  Mos 

6 

12 

I’ robabilitv  of  Success 

. 9945 

. 98888 

. 9777 

Effective  F.  H.  (FPMIU 

2.  57 

2.  57 

2.  58 

Effe.  live  MTBF  (K  Ilrs) 

389 

388 

388 
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The  inarRin  with  which  the  system  apparently  meets  reliability  requirements 
provides  the  degree  of  conf’dence  sought  to  offset  the  risk  of  error  in  interpret- 
ing the  effects  of  dormancy  and  cycling  discussed  previously.  The  values  pre- 
sented in  Table  2.  6.  6-3  were  based  on  a 30  to  1 correction  factor.  It  is  interest- 
ing to  note  that  the  requirements  can  still  be  met  in  the  worst  case  (12  months)  if 
the  correction  factor  is  as  low  as  26  to  1.  Further,  the  results  tabulated  thus 
far  must  lie  considered  conservative  in  that  the  entire  phased-array  antenna 
subsystem  has  been  treated  as  a serial  item  while  in  fact  some  antenna  element 
failures  can  be  allowed  without  undue  degradation. 

Although,  IFF  System  performance  at  Type  A sites  is  dependent  upon 
operation  of  the  remotely  located  SIF/IFF  equipment,  this  equipment  is  not 
included  in  the  reliability  calculations  for  several  reasons.  Failure  of  the  equip- 
ment, for  example,  does  not  necessitate  a maintenance  action  at  an  unattended 
site  since  the  equipment  is  located  at  a manned  installation  remote  from  the 
site  it  serves.  Further  it  is  assumed  that  28  remote  IFF's  service  80  sites  which 
translates  to  4 per  attended  site  and,  based  on  duty-cycles,  a negligible  qneing 
problem,  even  with  the  estimated  reliability  parameters  for  remote  equipnien's 
and  two  failed  units.  Estimates  of  reliability  parameters  for  remote  IFF  equip- 
ments for  cycled  operation  at  0°C  are: 

failure  rate  = 0.  16  failures/10^  hours 

MTBF  =6.2  million  hours 

Probability  success  3,  6,  12  mos.  = .9996,  .9993,  .9986 

These  values  are  conservative  since  it  is  likely  that  the  demand  for  'oode  4 
equipment  will  result  in  a duty  cycle  even  less  than  that  assumed. 


2.  6.  7 BASELINE  MAINTENANCE  REQUIREMENTS 


Failure  rates  for  the  Baseline  subsystems  and  FRU's  are  given  in  Table 
2.  6.  4-1  and  2.  6.  4-3,  They  may  be  used  to  make  worst  case  estimates  of  the 
expected  replacement/checkout  workload  that  accumulates  during  the  period  of 
unattended  operation.  This  worst  case  analysis  assumes  a scheduled  maintenance 
concept  with  a time  interval  of  3,  6 or  12  months.  The  size  of  the  workload  and 
the  constraint  of  a 3-hour  maximum  limit  on  the  duration  of  a maintenance  visit 
determine  the  required  size  of  the  work  force. 

a)  Maintenance  Ground  rules 

Groundrules  assumed  to  apply  for  this  study  to  the  maintenance  doc- 
trine are: 

A single  maintenance  crew  visits  each  unattended  site  at  or  near 
the  end  of  each  designated  unattended  period.  In  this  concept  10% 
of  the  radars  will  be  in  a failed  state. 

The  crew  travels  in  a single  vehicle  (helicopter)  and  may  include 
the  pilot  as  part  of  the  working  maintenance  force. 

- The  crew/vehicle  combination  carries  transportable  heaters, 
illumination  gear,  test  equipment  and  spares  (certain  spares 
that  are  physically  large,  such  as  antenna  stack  FRU's  may 
be  emplaced  at  each  site,  if  necessary). 

Sites  are  visited  sequentially.  For  maximum  crew  utilization 
the  full  set  of  80  sites  may  be  visited  in  turn  at  the  average  rate  of 
2 sites/working  day  taking  40  days  to  complete  a full  schedule 
where  a single  crew  services  the  entire  system,  or  taking  less 
than  40  days  if  crews  are  limited  to  some  fraction  of  the  full 
set  and  return  to  a logistic  mode  takes  place  at  the  end  of  each 
work  day. 
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- Repairs  to  FRIP  s are  made  at  logistic  nodes,  depots  or  factory 
according  to  need  for  special  test  equipment,  parts  or  skill 
levels.  In  any  event,  no  repairs  are  made  at  sites;  only  FRU 
replacement  takes  place  at  sites. 

- The  fault  detection  system  furnishes  sufficient  information  to 
allow  reasonable  diagnosis  at  nodes  so  that  crews  have  high 
probability  of  taking  correct  spares  on  maintenance  trips. 

Each  site  is  presumed  to  be  fully  restored  to  peak  operational 
capability  at  the  end  of  each  visit  BITE  readout  at  the  site  will 
l>e  used  for  verification. 

Crew  efficiency  estimated  to  be  75%,  requiring  elapsed  time  of 
1.  3 X replacement  workload  (see  Table  2. 6.  7-2). 

Table  2.  6.  7-1  gives  the  expected  number  of  FRU's  in  a failed  state  at 
the  end  of  the  designated  unattended  period.  Table  2.6.  7-2  is  an  estimate  of 
FRU  replacement  times  and  Figure  2.6.  7-1  shows  the  required  crew  size 
compatible  with  the  unattended  period  and  3 hour  elapsed  time  per  visit 
constraint.  Table  2.  6.  7-2  neglects  the  replacement  of  any  FRU  with  less 
than  50  percent  probability  of  failing  in  the  time  specified.  The  numbers  of 
maintenance  personnel  required  were  costed  into  the  appropriate  element  of  the 
LCC  model.  The  FRU  failure  data  was  also  used  to  determine  spares  required 
for  system  operation. 
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Figure  2. 


6 8 10  12 
unattended  period  - MONTHS 


6.7-1.  Maintenance  Requirements  - Baseline  Radar, 
(3  Hour  Max.  Elapsed  Time  Per  Site  Visit) 


6 


Table  2.  6,  7-1,  Expected  Replacement  Levels  - Typ<  A,  Baseline  Radar 
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Table  2.6.  7-2.  Maintenance  Workload  Per  Visit 
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7 Ij.  V I 'ortii.tiii  f Kvaluation 

Tho  performancp  of  tho  Typo  A nasolino  and  a]t<  rn  ■*-  confiyuration  has 
analyzod  for  sensitivity  (maximum  ran^o),  oluttor  rf  jo-tion,  and  ECCM 
capabilities.  The  results  ari'  presented  in  the  following  sub-sections  and  in 
Appendix  C. 

<1.  1 Maximum  Range  Performance* 

a ) Track  Initiation  Criteria 

Two  track  initiation  criteria  have  been  ana1//ed.  Each  of  tlu-m  re- 
quires that  a target  be  detected  on  3 out  of  4 scans.  Tin  distinction  between  the 
ci’.teria  is  as  follows: 

Criterion  A • One  false  track  initiation  per  our 

• Same  det<*ction  thresholds  on  all  four  scans 

Criterion  B • One  false  track  initiation  per  hour 

• Averageof  ten  (10)  false  alarms  on  scan  #1 

• Lower  detection  threshold  on  scans  #2,  3 ancf  4 

Critc-rion  A applies  to  the-  more  conventional  scan  types  such  as 
single  frame  or  fence  as  defined  in  Section  2.  1.  1.  All  scans  have  equal  rvo 
Lability  of  detection  and  thresholds  are  held  constant.  Criterion  B result  '"i  m 
the-  split-framc'  scan  where  subsequent  target  revisits  are  dependent  on  the  fits* 
scan  detection.  Thresholds  must  be  maintained  higher  on  the  first  scav  • cr 
initial  false  alarms  to  a reasonable  level  (10  per  scan),  but  they  can  suhst  u 'futlv 
be  lowered  on  succeeding  scans  and  still  meet  the  once  per  hour  false  tra- 
initiation  rate. 

The  analysis  is  presented  in  Appendix  C-l;  the  results  an-  'uu  ■ ^ 

in  1 able  2.7.  1 - 1 . 
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Table  i.7,  l-l.  Scan  Detection  Requirements 


Parameters  for 

Scan  # 

T rack 
Initiation 
Criteria 

Scan  Type 

Freq 

N'.' 

Pd 

Pfa 

S/N 
(Bat  ch) 

■1  ingle  or  Fence 

L 

2 

0.  902 

X 

o 

1 

12.  7 dB 

A 

■i ingl e or  F ence 

UHF 

5 

0.  902 

5 X lO"'^ 

7.  3 

A 

Split 

[lla  s»Tine] 

L 

2 

0.  828 

3 X 10"^ 

13.  1 

• t. 

' '</ 

/ 

Split 

UHF 

5 

0.  828 

5 X 10"^ 

7.  7 

B 

S'  N = Number  of  8-pulse  batches  in  3 dB  beamwidth. 
For  6 microsecond  transmitted  pulsewidth. 


The  penalty  for  working  with  the  adaptive  split-frame  type  of  scan  is 
about  0.  4 dB. 


Included  in  the  values  of  Table  2,  7.  1-1  is  a 0.  5 dB  allowance. for  a 
typical  correlation  ("range-walk)"  loss.  A preliminary  analysis  is  given  in 
Appendix  B-1, 

The  scan  parameters  shown  in  Table  2.7.  1-1  are  for  a (■>  microsecond 

pulsewidth  (Baseline).  The  use  of  a 1.5  microsecond  pulsewidth  would  result 

in  somewhat  different  requirements.  For  example  for  the  single  frame,  L-band 

system  with  a 1,  5 microsecond  pulse,  the  threshold  must  be  raised  to  a P.  of 
- 4 

b.  7 X 10  for  a corresponding  S/N  per  batch  of  12.4  dB  (P^  = 0.  902).  Thus 
the  net  effect  on  S/N  is  only  about  0.  2 dB. 

Table  2.7.  l-I  also  makes  the  assumption  that  all  N batches  on  a 
scan  ire  detectible,  i.  e.  , they  do  not  fall  into  any  blinci  zones,  either 
a rounrl  zero  doppler  or  the  blind  speeds.  Considering  that; 

• The  Type  A radar  is  a "tripwire"  type  system,  i.  e.  , detection  on 
all  colls  is  not  necessary, 
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• The  maximum  ranf>e  requirement  of  60  NM  is  beyond  the  mask 
(maximum  clutter  range)  for  most  sites, 

• The  clutter  map  implementation  permits  the  system  to  take 
advantage  of  interclutter  visibility  even  in  clutter  areas, 

• Only  the  lowest  elevation  beam  is  affected  (where  the  horizontal 
coverage  is  thickest),  it  appears  that  this  factor  can  be  safety 
neglected  for  maximum  range  calculations. 

The  effect  of  the  "clutter  notch"  loss  is  also  analyzed  in  App>endix  C-1 

and  shown  to  be  about  0.4  dB.  An  additional  loss  due  to  the  simultaneous  pres- 
ence of  clutter  and  noise  is  analyzed  in  Appendix  C,  2.  4.  This  latter  loss  in 
approximately  0.  6 dB  for  L-Band  and  0.  1 dB  at  UHF  for  an  assumed  doppler 
filter  improvement  limit  of  50  dB. 

b)  Baseline  Range  Performance 

The  predicted  radar  range  has  been  computed  on  Blake  Chart  Program 
and  the  result  is  shown  in  Table  2.7.  1-2,  This  range  calculation  is  for  the  peak 
of  the  lowest  elevation  beam  averaged  over  azimuth.  The  peak  of  the  lowest  beam 
occurs  at  about  3°.  The  individual  entries  are  calculated  as  follows: 

• Transmitter  power  (P,j,): 

63  active  TRSSM's  x 40  watts  peak/mod.  = 2520  w. 

• Pulsewidth  (x) 

6 useconds  transmitted  into  each  beam 

• Transmit  and  receive  antenna  gain  (G.p,  Gj^) 

Total  aperture:  44  ft.  diameter  ring  array  and  7 ft.  high 

Active  aperture  (broadside) 

A = 44  x 0.  707  x 7 = 217  sq.  ft. 

Aperture  gain  (G^) 

G = 4n  -4-  = 4763  -♦  36.  78  dB 

where  X = . 758  ft.  (f  = 1.  3 GHz) 
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Table  2.7.  1-2 


Baseline  Configuration  Maximum  Range  Calculation 


RAPAR  AND  TARGFT  PARAMETERS  (INPUTS)  — 

PULSE  PnUERf  KU  2.6 

PULSE  LENGTH r MICROSEC  6.0000 

TRANSMIT  ANTENNA  GAIN»  DB  35.5 

RECEIVE  ANTENNA  GAINf  DB  33.8 

PREQUENCYf  MHZ  1300.0 

RECEIVER  NOISE  FACTOR  (FIGURE)  r DB  1.4 

BANDUIDTH  CORRECTION  FACTOR^  DB  0. 

ANTENNA  OHMIC  LOSSr  DB  0. 

TRANSMIT  TRANSMISSION  LINE  LOSSr  DB  1,5 

RECEIVE  TRANSMISSION  LINE  LOSSr  DB  1.5 

SCANNING-ANTENNA  PATTERN  LOSSr  DB  1.3 

MISCELLANEOUS  LOSSr  DB  2.0 

SIGNAL-TO-NOISE  RATIOr  DB  7.5 

TARGET  CROSS  SECTION.  SQUARE  METERS  16.0000 

TARGET  ELEVATION  ANGLE.  DEGREES  3.00 

AVERAGE  SOLAR  AND  GALACTIC  NOISE  ASSUMED 
PATTERN-PROPAGATION  FACTORS  ASSUMED  = 1. 

t'ti*****iirtit*****t*t****t**M****tt**t 

CALCUl ATED  QUANTITIES  (OUTPUTS)  — 

NOISE  lEMPERATURESr  DEGREES  KELVIN  — 

ANTENNA  (TA)  79.3 

RECEIVING  TRANSMISSION  LINE  (TR)  119.6 

RECEIVER  (TE)  110.3 

TE  X LINE-LOSS  FACTOR  = TEI  155.0 

SYSTEM  (TA  + TR  + TEI)  354.8 

TUO-UAY  ATTENUATION  THROUGH  ENTIRE  TROPOSPHERE.  DB  1.3 


RANGE  = 01.9  Nr  MI..  TROPOSPHERIC  ATTENUATION  * 1 . 1 1 DB 

FOR  SPECIFIED  SIGNAL-TO-NOISE  RATIO  * 7.50  DB 
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The  losses  are: 
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• Visibility  Factor  (V^) 

Let  V is  defined  as  the  single  pulse  signal-to-noise  ratio  (S/N) 
o 

required  to  produce  the  desired  output.  From  the  preceding  section  on 
Track  Initiation  Criteria,  the  Baseline  requirement  for  S/N  per  pulse  is 
12.  6 dD.  The  difference  between  the  S/N  per  pulse  and  the  S/N  per  batch 
(the  effective  processor  gain)  can  be  calculated; 


Integration  gain 

+ 9.  0 

A/D  loss 

- .3 

Range  straddling 

-1.0 

Doppler  weighting 

-1.  3 

CFAR 

- .8 
TsTT 

Required  S/N  per  pulse  = 

13.  1 

• Bandwidth  Correction  Factor 


[Baseline  split-frame 
case] 


This  loss  is  assumed  to  be  included  in  the  signal  processing 
losses  (above). 

• Transmitter  Loss  (L^) 

Antenna  feed  network  (ohmic)  .8 


Cables-TRSSM  to  antenna  . 1 

1:2  elevation  switch  . 2 

Duplexer  . 2 

1;3  elevation  switch  .2 


TTTdB 

• Antenna  Si  an  Loss  (Lp) 

Two  way  scan  loss  in  azimuth  only  is  about  1.  3 dB.  (For  UHF, 
this  loss  is  considerably  reduced  due  to  greater  overlapping  of  beams. 

• MibC  I^ss  (I-'j^) 

A contingency  loss  of  2,0  dB  is  assumed.  This  value  allows  the 
system  to  degrade  by  2 dB  and  still  meet  the  coverage  requirements  as 
shown  in  Table  2.  7,1-2. 
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The  computed  Baseline  maximum  range  for  these  parameters  as  shown  in 
Table  2,7.  1 -Z  is  81.9  NM.  This  value  represents  the  maximum  range  at  the 
lower  elevation  beam  peak  as  averaged  over  all  azimuth  angles.  The  average 
azimuth  value  is  realized  by  including  an  allowance  for  average  antenna  scan  loss 
(Lp). 

The  two-way  elevation  coverage  diagram  for  this  situcition  is  shown  in 
• figure  2.  7.  1-1.  The  antenna  patterns  calculated  in  the  antenna  study  task 

(Section  2.3.1)  were  combined  with  the  range  analysis  given  above  to  derive  the 
coverage  showir.  The  desired  coverage  region  bounded  by  60  NM  range,  100  KFT, 
altitude  and  45°  elevation  is  also  indicated.  It  can  be  seen  that  deep  nulls  exist 
due  to  the  low  beam  cross-over  values  associated  with  orthogonal  beams.  The 
nulls  can  be  reduced  by  using  elevation  beams  with  closer  spacing.  The  rapid 
fall-off  in  performance  at  high  elevation  angles  is  also  evident.  This  is  due  to 
large  defocassing  losses  caused  by  the  use  of  only  three  azimuth  steering  lenses. 

A larger  number  of  lenses  would  improve  this.  These  alternatives  are  discussed 
in  the  following  section. 

c)  Alternate  Configuration  Range  Performance 

The  alternate  configurations  considered  in  this  study  {.Section  2.2.2), 
impact  the  calculation  of  maximum  range  in  the  following  areas: 

Frequency:  L,  UflF 

Scan  type:  Single  or  Fence,  Split 

Non-orthogonal  beams  with  shallower  crossover  nulls  can  be  used  to  fill  in 
the  nulls  evident  in  the  Baseline  coverage  of  Figure  2.  7-1-1.  Cross-overs  of  3.5 
dB  can  be  achieved.  A mismatch  loss  of  approximately  1.  0 dB  occurs  for  this 
case  due  to  the  closer  than  orthogonal  beam  spacing.  The  net  loss  in  signal 
relative  to  the  Baseline  is  thus  1,0  dB  for  an  equivalent  maximum  range  at  the 
lower  beam  peak  (averaged  over  azimuth)  of  77.  3 NM. 

The  2-way  elevation  coverage  corresponding  to  this  reduced  aperture  case 
is  shown  in  Figure  2.  7.  1-2.  The  coverage  shown  also  assumes  six  azimuth 
steering  lenses  (one  per  elevation  beam).  The  Improvement  in  coverage  is 
evident.  Also  shtjwn  in  Figure  2,  7,  1-2  is  the  equivalent  coverage  against  a 1 square- 
meter  target.  Advantage  is  taken  of  the  effect  of  wider  azimuth  overlap  at  higher 
elevation  angles  (more  pulses  on  target)  as  shown.  The  coverage  shown  is 
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Figure  Z.  7.  1-1 
Two-way  Elevation 
L-Band  - 3 Lenses 


Figure  2,  7,  1-2 
Two-way  Elevation 
L-Band  - 6 Lenses 


Figure  2.7.  1-3 
Two-way  Elevation 
UflF  - 2 Lenses 
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consistent  with  the  requirements  for  a 1 square-meter  target  with  the  exception 
of  the  region  from  about  85-100  KFT. 


The  UHF  coverage  diagram  for  a tw’o  lens  configuration  is  shown  in  Figure 
2.  7.  1-3.  Coverage  is  good  against  both  16  and  1 square-meter  tragets. 

The  important  differences  in  parameters  for  UHF  are  indicated  below: 

Gain 

Wavelength  (i):  2.46  feet 
Aperture  height:  7 feet 
Aperture  Gain:  27.  6 dB 


T 

R 

Elevation  taper 

0.  34 

0.  34 

Azimuth  taper 

0.  22 

0.  22  (uniform) 

Lens  taper 

1.  85  (5  dB  taper) 

Feed  network  similarity 

0.  1 

0.  1 

Radiator  similarity /mismatch 

0.  3 

0,  3 

TRSSM  similarity 

0.  2 

1.  16 

2.  81 

Therefore:  G_,  = 26.  4 dB  ; G_ 

X H 

= 24.  8 dB 

insmission  Line  Losses 

L„ 

T 

R 

Antenna  feed  network  (ohmic) 

. 4 

. 4 

Cable 

. 2 

Neg 

1:2  elevation  switch* 

. 2 

.2 

Duplexer 

. 2 

. 2 

T/ R limiter 

. 2 

~ ~~  ' 

1.0 

1. 0 dB 

Required  S/N  per  pulse 

S/N  = 7.7  - 5.  6 = 2.  1 dB  [UHF,  Split  frumel 
• Not  present  in  UHF  systems  with  two  active  receivers. 
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The  range  values  calculated  in  Tables  2.7.  1-2  and  2.7.  1-4  are  for  the 
split-frame  case.  The  ranges  for  the  single  frame  or  fence  cases  are  greater 
by  the  signal-to-noise  requirement  variation  (0.  4 dB)  as  shown  in  Table  2.7.  1-1. 
The  maximum  ranges  at  the  lower  elevation  beam  peak  (averaged  over  azimuth) 
are  summarized  in  Table  2.7.  1-3.  The  range  calculations  are  shown  in  Blake 
Chart  format  in  Table  2.7.  1-4  for  a UHF,  single  scan,  7 ft.  aperture  height 
configuration. 

All  range  calculations  shown  are  for  a 6 microsecond  transmitted  pulse. 

As  indicated  earlier,  a 1.  5 microsecond  pulse  results  in  a small  additional  loss; 
however,  the  effect  on  range  is  only  about  1 percent. 

Table  2.  7.  1-3.  Maximum  Range  Summary 


Scan  Type 

F req 

Beam 

Elevation 

Maximum 

Range 

Single/Fence 

L 

3° 

83.  8 NM 

UHF 

9° 

87.  8 

Split 

L 

3° 

81.  9 

[ Baseline] 

UHF 

9° 

85,  8 

2.7.2  Clutter  Performance 

a)  Clutter  Rejection  Requirements 

The  clutter  environment  given  in  the  statement  of  work  is  shown  in 
Table  2.  7.  2-1. 

The  subclutter  visibility  (SCV)  of  a radar  system  is  a measure  of  its 
ability  to  detect  moving-target  signals  superimposed  on  clutter  signals.  However, 
SCV  is  a power  ratio  between  a clutter  source  and  a moving  target.  Strictly 
speaking  any  ratio  is  without  dimensions.  It  is  this 'looseness ' in  the  definition  of 
SCV  that  has  contributed  to  many  interpretations  how  its  qualities  in  a radar  system 
can  be  measured. 
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Perhaps  the  most  realistic  definition  of  SCV  is  to  relate  it  to  the  system 
Improvement  P'actor  (I)  by  the  followinji;  relationship; 


whe  re 


SCV 


C. 

1 


1 


C. 

10  lop  ^ = I - X 
i 

maximum  input  clutter-to-signal  power  ratio 


Table  1.  7.  1-4 

UHF  Maximum  Range  Calculation 
RADAR  AND  TARfiFT  FARAMEIFRS  (INPUTS)  -- 


PUl  SF  POUFR.  KU  4.7 

PULSF  LENGTH f MICROSFC  6.0000 

TRANSMIT  ANTENNA  GAINr  DR  26.4 

RECEIVE  ANTENNA  GAIN»  DB  24.8 

FREQUENCY » MHZ  450.0 

RECEIVER  NOISE  FACTOR  (FIGURE) f DB  1.4 

BANDWIDTH  CORRECTION  FACTOR^  DP  0. 

ANTENNA  OHMIC  lOSSr  DB  0. 

TRANSMIT  TRANSMISSION  LINE  L0SS»  DB  1.0 

RFCEIVE  TRANSMISSION  I INF  LOSSf  DB  1.0 

SCANNING-ANTENNA  PATTERN  l.0SS»  DB  .8 

MISCFI  I ANEOUS  10SS»  DB  2.0 

SIGNAL-TO-NOISF  RATIOf  DP  2.1 

TARGET  CROSS  SECTION*  SQUARE  MFTFRS  16.0000 

TARGET  EIFUATTON  ANGLE*  DEGREES  9.00 

AVERAGE  SOLAR  AND  GALACTIC  NOISE  ASSUMED 
PATTERN-PROPAGATION  FACTORS  ASSUMED  = 1. 


CALCUIATED  QUANTIIIES  (OUTPUTS)  -- 


NOISE  TEMPERATURES*  DEGREES  KELVIN  — 

ANTENNA  (TA)  147.9 

RECEIVING  TRANSMISSION  LINE  (TR)  75.1 

RECEIVER  (TE)  110.3 

TE  X I TNE-LOSS  FACTOR  = TFT  138.9 

SYSTEM  ( TA  F TR  E TED  361.9 

TWO-WAY  ATTENUATION  THROUGH  ENTIRE  TROPOSPHERE*  DB  .3 


RANGE  » 85.8  N*  MI.*  TROPOSPHERIC  ArTENUATION  = .29  DB 


FOR  SPECIFIED  SIGNAL-TO-NOISE  RATIO  =• 


2.10  DB 


Tablf  l.l.  2-1.  Chittrr  and  Environment  Data  (Guide) 


Land  Clutter 
Median 

84th  Percentile 

Sea  Clutter  (Sea  State  4) 

One  decree 
depression  anf^le 

three  degree 
depression  angle 


Reflectivity  (dB) 


UHF 


L-Band 


S-Band 


-39  -34  -32 

-29  -24  -22 


(H) 

(V) 

(H) 

(V) 

(H) 

(V) 

-72 

-53 

-55 

-48 

-42 

-41 

-62 

-5: 

-50 

-43 

-42 

-39 

(H)  is  horizontal  polarization 
(V)  is  vertical  polarization 


W eathe  r; 

Rain  up  to  19  millimeters/hour  from  0 to  30K  feet  for  a storm  cell 
size  up  to  5 miles  in  horizontal  extent.  Wind  shear  0 to  80  knots 
from  0 to  50K  feet  with  any  arbitrary  shear  distribution  over  this 
altitude  range. 


1 = clutter  improvement  factor  (dB) 

X = detectability  factor  (dB) 

The  ratio  C/S  may  be  interpreted  as  the  requirement  imposed  by  the 
targi-t  size  and  the  clutter;  the  detectability  factor  X is  a requirement  imposed 
by  tlu'  performance  desired  in  terms  of  detection  probability  and  false-alarm 
probability:  and  the  improvement  factor  1 is  what  the  signal  processor  must 
deliver  to  meet  these  requirements. 

I = SCV  + X 

The  value  that  the  clutter  should  be  suppressed  below  the  signal  to  prevent 
excessive  additional  loss  in  the  presence  of  clutter  plus  noise  is  analyzed  in 
A ppendix  C,  2.  4. 
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The  SCV  and  iniprovenncnt  reqiiirerrients  are  Bumrnarized  in  Table 
1.1.  Z-Z  for  the  various  types  of  clutter  versus  the  different  system  alternatives. 
It  can  be  seen  that  the  dominant  clutter  rejection  (improvement)  requirement  is 
against  ground  clutter.  UHF  has  an  advantage  of  about  6 dB  less  improvement 
required.  The  analysis  is  given  in  Appendix  C-Z.  Some  comments  follow. 

Table  2.  7.  2-2.  Clutter  Rejection  Requirements 


SCV  (dB) 

I (dB) 

L 

UHF 

L 

UHF 

Land  Clutter 

33,  4 

32.  4 

49.  8 

43.  4 

Sea  Clutter 

6.  9 

6.  0 

23.  3 

17.  0 

Weather  Clutter 

9.  3 

-0.  6 

25.  7 

10.  4 

Aurora 

-47 

-22 

-31 

-11 

Terrain  Clutter 

The  terrain  clutter  characteristics  given  in  the  Statement-of  • Work 
indicate  a log  normal  distribution.  The  analysis  is  discussed  in  Appendix 
C-2. 


A 30  NM  range  has  been  selected  as  a typical  worst  case  range  for 
maximum  clutter  return  as  this  is  the  maximum  range  required  against 
the  1 square  meter  target.  This  also  approximately  corresponds  to  the 
horizon  between  a radar  at  200  feet  height  and  a target  flying  at  100  feet. 

Sea  Clutter 

The  Baseline  Type  A radar  use  vertical  polarization.  The  worst 
case  should  occur  at  about  30  NM  range.  A 1 degree  depression  angle 
value  has  been  assumed. 
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W cathf  r 


With  a rainfall  rate  of  15  mm  per  hour  and  the  storm  reaching  up  to 
30  kft,  the  maximum  rain  cross-section  will  occur  at  maximum  range. 

The  rain  spectrum  will  be  about  150  hertz  wide  at  L-Band  corresponding 
to  a 40  knot  velocity  width. 

Au  ro  ra 

Aurora  occurs  at  altitudes  of  80  to  150  Km,  The  reflection  coefficient 
is  highly  sensitive  to  the  ar.gle  between  the  radar  beam  and  the  magnetic 
field  lines  at  the  aurora  location.  The  maximum  reflections  occur  with 
near  normal  incidence  and  reports  indicate  sensitivity  to  the  aspect  angle 
of  about  10  dB  per  degree.  High  dopplers  have  been  measured  up  to 
1200  meters  per  second  (4000  m/sec  on  rare  occasions).  Aurora  can  be 
detected  over  a wide  azimuth  span  from  the  direction  of  the  magnetic  pole, 
but  the  intensity  falls  off  away  from  the  pole  direction.  The  aurora  is 
limited  in  elevation  extent,  with  a height  of  1 5 km  reported  and  a typical 
depth  of  200  km  in  range. 

Volume  reflection  coefficients  of  -100  dB  (M^/M^)  at  L-band  and 
-80  dB  at  UHF  are  indicated  as  maximum  intensities. 

The  typical  aurora  should  appear  at  3°  elevation  and  at  an  altitude 
of  110  km  with  a 1°  elevation  extent.  The  maximum  cross-section  will 
be  about  16  dBsm.  Since  the  aurora  at  long  range,  about  500  NM,  will 
be  competing  with  a target  at  60  NM,  the  effective  aurora  cross-section 
at  this  range  at  I,-ban<l  is  r)nly  -20  dBsm.  Also,  with  the  aurora  at  long 
r.inge,  only  one  pulse  will  be  received  before  the  batch  frequency  is 
changed.  This  single  pulse  also  occurs  at  the  end  of  the  batch  and  is 
further  reduced  by  the  batch  weighting.  These  factors  are  conservatively 
estimated  at  about  15  dB.  This  is  believed  to  be  a worst  case  value  and 
indicates  that  aurora  should  not  be  a problem  for  L-band  operation. 

Aurora  backscatter  is  increased  at  UHF  due  to  the  larger  back-scatter 
coefficient  and  the  larger  beamwidth.  The  net  effect  is  25  dB  greater  than 
for  L-band,  Calculations  show  that  super  clutter  visibility  can  be  main- 
tained on  both  the  1 sq.  meter  target  at  30  nmi  and  the  16  sq,  meter  target 
at  60  nrni. 
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b)  Clutter  Filter  in] 


Given  the  clutter  rejection  requirements  of  Table  2.7.  2-1,  the  next 
step  is  to  design  a filter  network  which  can  achieve  these  requirements  in  the 
best  manner.  Several  different  techniques  can  be  utilized: 

o Moving  Target  Indicator  (MTI) 

o Fast  Fourier  Transform  (FFT) 

o MTI  followed  by  FFT 

o Generalized  Finite  Impulse  Response  (FIR)  Filter 

The  doppler  response  achievable  by  MTI,  FFT  or  a combination  of 

the  two  is  analyzed  in  Appendix  C-3.  The  results  are  summarized  in  Figures 
2.  7 . 2-  1 through  2.  7.  2-4, 

Figure  2.  7.  2-1  shows  the  response  for  an  8 point  FFT  only  at  L-band 
Hanning  weighting  is  used.  The  maximum  values  of  C/S  for  terrain  and  weather 
are  used,  A 40  knot  wind  is  assumed.  The  other  parameters  are  listed  in  the 
Figure.  The  spectrum  shown  is  skewed  due  to  the  unidirectional  wind  velocity. 
Filter  number  2 gives  fair  clutter  rejection  while  filters  1 and  7 are  poor.  Filters  3 
through  6 give  excellent  clutter  rejection.  Filter  0 is,  of  course,  bad. 

A similar  clutter  spectrum  is  shown  in  Figure  2.  7. 2-2  for  UHF.  The 
assymetrical  effect  of  the  wind-driven  rain  is  much  less  evident  as  the  relative 
spectral  (doppler)  spread  is  much  narrower. 

The  response  of  an  8 point  FFT  preceded  by  a single  delay  line  (2  pulse) 
canceller  MTI  is  shown  in  Figure  2.  7.  2-3  and  2.  7.  2-4  for  L-band  and  UHF 
respectively.  Filters  1 and  7 are  greatly  improved  at  L-band.  They  are  even 
more  improved  at  UHF. 

The  use  of  a generalized  Finite  Impulse  Response  (FIR)  or  trans- 
versal filter  has  been  reported  in  the  literature  (References  2.7-1  and  2.7-2).  This 
type  of  filter  forms  a group  of  individual  doppler  filters  with  sidelobes  optimally 
configured  to  reject  a given  interference  spectrum  model.  Thus,  each  filter 
has  a different  sidelobe  structure  given  its  position. 
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Figure  2.  7.  2-3.  Clutter  Improvement,  FFT  + MTl,  L-Band 


^-^37 


Figure  2.  7.  2-4.  Clutt  er  Improvement , FFT,+MTl,  UHF 


The  analysis  of  a KIR  filter  for  the  anticipjited  clutter  spectrum  is 
given  in  Appendix  C-4.  Typical  results  are  given  in  Figure  2.  7,2-5  and  2,  7,2-6 
for  L-Band  and  UHF  respectively.  The  improvement  in  filters  2 and  7 is  evident. 

A notch  at  the  wind  velocity  doppler  is  evident  in  both  plots. 

The  disadvantage  of  a FIR  filter  is  the  larger  number  of  real  multiplies 
and  hence  software  instructions  required  to  perform  the  calculations  versus  the 
MTI/FFT  filter, 

A more  detailed  analysis  is  required  to  determine  the  most  effective 
solution.  This  will  be  accomplished  during  the  coming  year. 

2.  7.  3 ECCM 

The  ECM  vulnerability  of  the  Type  A radar  has  been  examined.  Since  a 
definitive  model  of  the  ECM  threat  has  not  been  provided  as  an  input  to  this 
study,  the  ECM  vulnerability  and  resulting  ECCM  requirements  have  been 
handled  in  a qualitative  manner.  In  the  following  subsection  the  basic  ECCM 
strategy  is  discussed.  Subsequently  the  types  of  applicable  ECM  are  briefly 
discussed  and  recommended  ECCM  techniques  are  then  presented. 

a 1 ECCM  Strategy 

A host  of  ECM  techniques  - both  brute  force  and  sophisticated  - exist. 
The  number  of  ECCM  techniques  is  no  less  myriad. 

The  basic  ECM  strategy  of  the  enemy  is  to  jam  a system  with  as  few 
watts  - and  hence  pounds  of  equipment  - as  possible  as  this  makes  it  easier  for 
him  to  display  effective  jammers.  To  do  this,  it  is  desirable  for  the  jammer 
to  degrade  the  radar  with  a low  duty  cycle  device.  This  can  take  the  form  of 
injecting  a number  of  saturating  false  targets  into  the  system,  or  taking  advan- 
tage of  some  inherent  weakness  in  the  radar  which  immobilizes  the  system  for 
a time  longer  than  the  jammer  on  time. 

Conversely,  the  best  radar  ECCM  strategy  is  to  make  it  as  expensive  - 
in  power  and  weight  - for  the  jammer  as  possible.  Any  system  can  be  jammed 
if  the  enemy  expends  sufficient  resources.  At  some  point,  however,  it  becomes 
impractical.  This  is  the  point  that  the  ECCM  strategy  strives  for. 


2-238 


Figure  2.  7.  2-5.  Trar.sversal  Filter,  Optimum  Improvement 
Factor,  L-Band 


To  accomplish  tiiis  goal  for  the  Type  A radar,  a three  level  ECCM 
strategy  is  recommended: 

1.  Design  the  system  to  be  relatively  invulnerable  to  low-duty 

cycle  ECM  and  thus  force  the  jammer  to  a brute  force  random 
noise  power  duel. 

Z.  Maximize  the  amount  of  average  power  random  noise  necessary 
to  degrade  system  performance. 

3.  Provide  means  of  detecting  the  presence  of  ECM  and  of  locating 
the  jammers. 

The  first  strategy  prevents  the  jammer  from  gaining  an  easy  advan- 
tage of  peak  power  versus  average  power  by  the  use  of  deception  jammers  or 
impulse  type  jammers.  The  ECM/ECCM  duel  then  becomes  a contest  of  re- 
lative powers. 

The  second  strategy  attempts  to  force  the  jammer  to  use  more 
random  noise  than  be  optimally  has  to.  This  is  accomplished  through  frequency 
uncertainty,  low  receive  antenna  sidelobes,  and  coherent  integration. 

Finally,  to  combat  a jammer  which  can  bring  an  overwhelming  amount 
of  power  to  bear,  means  of  detecting  and  locating  the  ECM  source  are  provided. 

b)  Types  of  ECM 

Jammers  can  be  classified  according  to  their  tactical  use  or  their 
type  of  modulation. 

Tactics 

Tactical  uses  can  be  broken  up  into: 

1.  Self-screening 

2.  Mainlobe  screening 

3.  Stand-off 

The  first  is  not  a primary  tiireat  as  the  jammer  only  screens  himself 
(or  someone  close).  The  Type  A is  a "tripwire"  system  whose  primary  function 
is  early  warning  of  intruders  actv.  illy  penetrating  the  net  of  radars.  Means  shall 
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Im-  provitU  d tn  detect  and  locate  (in  azimuth)  such  jammers.  Their  intent  - 
wlicther  to  actually  penetrate  or  to  act  as  an  irritant  - can  then  be  assessed 
at  thi‘  operational  center  and  the  appropriate  action  can  be  taken. 

Mainlobe  screening  is  a little  more  useful  to  the  jammer  as  a corridor 
for  a penetration  is  opened.  However,  with  reasonably  narrow  radar  beamwidths, 
and  the  overlapping  coverage  provided  by  adjacent  (and  opposite)  beams,  and 
adjacent  sites,  the  amount  of  protection  given  to  hostile  intruders  is  minimal. 

Stand-off  jamming  should  be  the  primary  ECM  tactic  against  Type  A 
radars.  The  purpose  is  to  inject  energy  through  the  radar's  sidelobes  to  cover 
all  azimuth  (and  elevation)  beams.  The  stand-off  jammer  may  be  just  an  irritant 
sent  to  test  and  spoof  the  radar  net  - but  it  may  also  mask  actual  penetrators. 

This  is  then  the  primary  ECM  tactic  to  counter. 

Modulation 

The  various  types  of  applicable  ECM  modulations  are  summarize  in 
Table  2.  7.  3-1  and  discussed  below.  The  primary  effect  of  the  ECM  mod- 
ulation on  the  radar  is  also  noted  in  the  table.  Many  jamming  modulations 
are  designed  strictly  for  self- sc  reening  and  these  are  not  discussed  for 
the  reasons  expressed  above. 

• CW 

This  is  a primitive  form  of  jamming  whose  purpose  is  to  interfere 
with  weak  signals  and  thus  reduce  sensitivity.  As  the  exact  radar  fre- 
quency must  be  known,  and  as  it  is  easily  defeated  by  various  techniques, 
this  type  of  FiCM  modulation  is  nov  generally  employed. 

• Noise 

This  is  ttie  simplest  type  of  ECM  modulation  (other  than  CW)  to 
generate.  It  is  created  either  by  a low  power  noise  source  followed 
l)y  direct  amplification  of  noise  (DINA)  or  at  high  ptjwer  by  frequency 
iTiodulating  a rapidly  swept  CW  signal. 

If  the  radar  frequency  uncertainty  is  relatively  small,  then  the 
noise  power  can  be  concentrated  as  a spot  jammer.  Spot  noise  jamming. 
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anainsl  a frt-qui  ncy  changing  radar,  requires  some  means  of  locating 
frequency  occupany.  This  usually  takes  the  form  of  a set-on  or  look  - 
through  technique. 

On  a set-on  system,  the  frequency  occupancy  is  measured  in  the 
absence  of  ECM.  Jamming  is  then  generated.  The  danger  to  the  jammer 
occurs  if  the  radar  changes  frequency  sufficiently  to  clear  the  ECM.  The 
lammer  can  then  pause  again,  set-on  and  recommence  jamming.  If  the 
radar  changes  frequency  rapidly,  the  jammer  can  be  seriously  degraded. 

Look-through  tends  to  circumvent  this  problem  at  the  cost  of  com- 
plexity. Jamming  is  periodically  interrupted  for  a short  period  to  receive 
and  analyze  the  radar  spectrum.  The  transmission  interruption  can  be 
sufficient  to  examine  a complete  radar  interpulse  period  or  a very  rapid 
on-off  transmission  such  as  "click”  or  "flicker"  jamming  where  one  very 
short  sample  is  taken  every  pulsewidth. 

The  disadvantage  of  spot  jamming,  by  whatever  method,  is  the 
additional  complexity  as  a receiver,  duplexer  and  processor  are  required. 
The  effective  ECCM  against  this  ECM  is  to  force  the  jammer  into  a broad- 
band mode  by  the  use  of  frequency  changes. 

As  the  radar  frequency  uncertainty  grows,  the  jammer  may  try  to 
sweep  the  noise  spot.  The  purpose  of  swept  jamming  is  to  temporarily 
cause  the  receiver  to  go  into  saturation  or  "ring".  If  the  jammer  can 
sweep  back  before  the  receiver  unblocks,  then  continuous  jamming  is 
achieved  over  a wide  band  at  a fraction  of  the  normal  power  required. 

Swept  ECM  can  be  made  ineffective  if  sufficient  dynamic  range  and 
IF  limiting  are  provided  in  the  receiver,  so  that  the  receiver  only  puts  out 
its  impulse  response  («»1  pulsewidth)  without  blocking  when  hit  by  an 
impulse.  The  sweeping  must  then  become  faster  until  the  entire  radar 
uncertainty  spectrum  is  filled.  The  jammer  is  then  a wide  band  noise 
jammer;  this  can  also  (and  usually  is)  achieved  by  DINA  jammers  using 
wide  band  RF  power  amplifiers. 
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• Receiver  Capture  - IF  Jamming 

There  are  several  variations  of  this  type  of  ECM.  All  involve  prior 
knovtlcdge  of  the  victim  receiver  IF  and  all  operate  by  creating  a beat 
IF  between  two  separate  frequencies.  Either  two  separate  frequencies 
separated  by  the  IF  can  be  transmitted  by  the.  jammer  or  only  a single 
frequency  above  the  radar's  by  the  IF.  In  the  latter  case,  the  radar  itself 
provides  the  other  frequency.  This  technique  is  defeated  if  the  first  IF 
is  higher  than  the  receiver  bandpass. 


• Track-Breaker 

Many  types  of  track  breakers  are  possible.  The  primary  goal  is 
to  capture  one  element  of  the  radar  resolution  cell  (range,  azimuth, 
elevation,  range  rate)  which  is  tracking  the  jammer  and  cause  it  to  go 
off  target.  So  the  Type  A radar  is  a track-while- scan  system  which 
periodically  reexamines  all  resolution  cells,  this  type  of  jamming  is 
not  very  applicable.  The  extent  in  degradation  possible  is  loss  of 
azimuth  accuracy  by  some  types  of  angle  modulation  techniques. 

• Pulse  Jamming  (Unsynchronized) 

This  type  of  ECM  has  the  same  purpose  as  swept  jamming,  i.  e.  , 
cause  the  receiver  to  become  inoperative  due  to  saturation.  This  is 
another  attempt  for  the  jammer  to  obtain  a duty  cycle  advantage. 

With  the  coherent  signal  processing  of  the  FFT,  the  unsynchronized 
pulses  will  not  achieve  any  coherent  gain.  In  addition  they  will  appear 
in  one  particular  range  gate  and  doppler  filter  and  thus  will  block  only 
a relatively  small  number  of  resolution  cells.  Frequency  changes  will 
be  effective  unless  the  jammer  employs  a sophisticated  set-on  receiver. 

• Pulse  Repeaters  and  Deception  ECM 

The  purpose  of  these  forms  of  ECM  is  to  saturate  the  signal  and 
data  processor  with  excessive  false  alarms.  There  are  an  extremely 
large  number  of  different  techniques  used;  however,  for  the  Type  A 
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application,  where  PRR  synchronization  is  required,  the  basic 
technique  is  that  of  a repeater.  This  type  of  jammer  amplifies  and 
retransmits  the  received  pulse.  It  may  also  retransmit  a replica  of 
the  pulse  at  fixed  delay  intervals  to  provide  a string  of  false  targets 
spread  out  in  range. 

This  type  of  jammer  cannot  create  targets  ahead  of  itself  unless 
it  delays  pulses  to  the  next  interpulse  period.  (It  then  in  effect  anticipates 
the  next  pulse.  ) PRR  agility  is  effective  aginst  this  type  of  jammer, 
particularly  if  it  lies  beyond  the  instrumented  range. 

The  Type  A PRR  is  shifted  after  each  group  of  8 pulses;  the  frequency 
is  also  shifted,  but  must  remain  stable  in  PRR  for  the  complete  8 pulses. 

If  the  jammer  is  beyond  the  instrumented  range,  then  its  simulated 
returns  will  be  rejected  in  the  target  verification  test  where  two  successive 
pulse  group  returns  at  different  PRR's  are  required  to  be  directed  in  coin- 
cidence. However,  if  the  target  is  within  the  instrumented  range,  only 
one  out  of  8 pulses  will  be  lost  and  the  jamming  can  effectively  appear 
as  false  targets. 

To  avoid  being  attenuated  in  the  dc  clutter  notch,  the  jammer  can 
offset  the  received  signal  by  a suitable  doppler.  This  doppler  can  also 
be  made  to  vary  to  cover  different  doppler  filters.  Other,  more  sophis- 
ticated modulation  which  can  simulate  a moving  target,  can  be  added 
with  a suitable  processor.  The  radar  pulse  can  also  be  anticipated  if 
the  radar  waveform  and  frequencies  are  highly  regular. 

There  are  several  possible  countermeasures  against  this  type  of 
ECM.  One  is  to  turn  the  CFAR  thresholds  down  until  an  acceptable 
number  of  false  alarms  occur.  This  is  done  automatically  under  pro- 
I essor  control. 

An  eve  n more  effective  ECCM  is  to  switch  the  exciter  into  a Coherent 
Oscillator  (COHO)  nxxle.  In  this  mode,  a random  phase  variation  is  in- 
serted into  the  transmitted  pulse  every  pulse  period.  As  Ine  same  reference 
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is  used  to  generate  the  local  oscillator,  the  pulse  shift  is  effectively  re- 
moved for  those  pulses  returning  during  the  same  interpulse  period.  As  the 
jammer  cannot  anticipate  the  phase  shift  to  be  added  next  pulse.  Thus 
the  jammer  can  successfully  insert  false  targets  only  behind  itself; 
anticipated  pulses  before  its  range, are  dispersed  in  the  FFT  due  to  their 
random  phases.  The  target  jammer  can  then  not  only  be  located  in 
azimuth  but  also  in  range  as  its  return  is  the  first. 

This  ECCM  cannot  be  left  in  operation  on  a continuous  basis  as 
some  degradation  does  occur.  Multiple  time  around  clutter  cancellation 
deteriorates  in  a COHO  mode.  Thus  a switch  must  be  provided  to  move 
the  system  temporarily  into  this  mode  to  clear  the  false  alarms  and  to 
locate  the  jammer.  The  exact  location  of  such  a control  - whether  on 
the  console  or  at  the  pallet  has  not  yet  been  determined;  however,  its 
inclusion  is  a relatively  simple  matter. 

c)  Inherent  Baseline  System  ECCM 

Many  of  the  ECCM  features  discussed  above  have  been  incorporated 
into  the  Baseline  Configuration  as  normal  measures  against  natural  interference 
(noise,  ground  clutter  and  weather).  The  specific  capabilities  and  the  ECM 
techniques  that  they  counter  are  summarized  in  Table  2.7.  3-2. 

Most  of  these  ECCM  capabilities  are  self  evident  from  the  foregoing 
discussion.  Those  that  might  require  further  discussion  are  given  below. 

Range  Average  CFAR 

The  Type  A signal  processor  utilizes  a range  average  constant 
false  alarm  rate  (CFAR)  technique  to  combat  weather  returns.  Eight 
range  gates  from  each  side  are  added  and  a threshold  above  the  average 
is  computed.  The  target  must  be  above  this  threshold  for  detection. 
Continuous  noise  or  CW  will  raise  the  levels  in  all  gates  and  thus  will 
not  create  any  additional  false  alarms.  A loss  of  sensitivity  naturally 
occurs,  but  this  is  the  expected  outcome  in  a radar/ECM  power  duel. 
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Interference  Editor 


The  signal  processor  has  the  capability  of  determining  if  the  signal 
in  a given  range  gate  exceeds  the  linear  limits  of  the  system,  i.  e.  , goes 
into  saturation.  Range  gates  indicating  saturation  are  suppressed.  This 
effectively  prevents  high  level  pulse  signals  from  causing  false  alarms. 

Track  Smoothing 

Continued  track  will  average  out  angle  errors  caused  by  angle  track 
breaker  type  jammers. 

d)  Additional  ECCM  for  ECCM  Configuration 

Several  other  techniques,  not  included  in  the  Baseline  configuration 
are  desirable  for  an  ECCM  configuration.  These  additional  techniques 
are  also  shown  in  Table  2.  7.  3.  2.  The  penalities  for  these  addition  is 
increased  cost  and  power  consumption.  These  penalities  are  quantitifed 
in  Section 

Low  Receive  Sidelobes 

As  the  sidelobe  jammer  is  probably  the  primary  ECM  threat,  it  is 
highly  desirable  to  suppress  sidelobes  on  receive.  The  effect  of  antenna 
taper  on  sidelobes  is  discussed  in  Section  2.3.1,  Figure  2. 3. 1-4.  The 
method  of  achieving  such  tapers  is  by  adding  a group  of  digital  attenuator 
with  appropriate  logic  and  control  as  described  in  Section  2.  2.  3.  Approxi- 
mately 10  dB  of  taper  is  sufficient  to  keep  all  sidelobes  below  30  dB  (with 
the  possible  exception  of  sidelobes  about  3-4  dB  higher  at  _+90°).  As  five 
dB  is  furnished  by  the  natural  R-2R  lens  taper,  only  five  dB  further  is 
required  by  the  attenuators. 

The  effectiveness  of  taper  on  sidelobe  control  is  partially  degraded 
if  antenna  elements  are  allowed  to  fail.  The  sidelobes  will  tend  to  rise 
as  TRSSM's  or  some  of  the  final  azimuth  switch,  e.  g.  , quadrant  switches, 
fail.  For  eight  failed  elements,  peak  sidelobes  will  rise  about  2 to  5 dB 
at  random  azimuths.  The  RMS  sidelobes  are  still  well  down. 
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For  a UHF  antenna,  the  peak  gain  is  about  24  dB.  Thus,  the 
average  sidelobes  are  probably  no  better  than  27-29  dB,  The  net 
effect  of  taper  then  would  be  to  suppress  near  in  sidelobes. 

One  additional  advantage  of  suppressing  near-in  sidelobes  is  that 
target  ambiguities  due  to  detection  of  large  targets  on  sidelobes  are 
avoided, 

Sidelobe  Blanking 

An  effective  countermeasure  against  low  duty  cycle  sidelobe  jammers 
IS  a sidelobe  blanking  feature.  Sidelobe  blanking  effectively  compares 
the  signal  from  an  omnidirectional  antenna  and  the  normal  directional 
antenna.  If  the  return  from  the  omni  is  higher,  than  the  signal  is  being 
received  from  the  sidelobes  and  is  suppressed. 

The  omni- signal  for  the  Type  A radar  is  derived  from  the  IFF 
cardiod-difference  pattern  which  covers  all  angles  uniformly  with  the 
exception  of  the  mainlobe  (when  it  is  not  required).  For  an  L-band 
configuration,  the  antenna  would  be  designed  somewhat  broader-banded. 
For  UHF,  the  IFF  antenna  cardioid  generating  elements  will  be  double 
tuned  to  cover  both  the  UHF  and  IFF  bands.  This  level  of  integration 
between  the  radar  and  IFF  systems  would  only  be  used  for  an  ECCM 
requirement. 

An  additional  receiver  is  required  for  the  omni  signal.  As  it  is 
desirable  to  make  the  blanking  decision  after  the  FFT  integration,  some 
additional  processing  capacity  and  logic  will  be  required. 

Strobe  Reporting 

The  CFAR  thresholds  generated  during  an  ECM  event  are  the  best 
indicator  of  jamming,  Sidelobe  jamming  will  tend  to  raise  CFAR  levels 
at  all  azimuths,  but  will  be  much  higher  in  the  mainlobe.  Thus  ECM 
detection  can  be  accomplished  by  comparing  average  clutter  levels  to 
preset  thresholds.  Jammer  location  in  angle  (azimuth  and  crudely  in 
elevation)  can  be  determined  by  finding  the  CFAR  processing  interval 
with  the  highest  average  CFAR  level.  An  ECM  strobe  report  can  then 
be  forwarded  to  the  operational  site.  Depending  on  the  anticipated  threat 
it  may  be  necessary  to  insert  attenuation  in  the  receive  path  if  saturation 
of  the  sidelobes  is  experienced. 
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Triangulation 

Further  jammer  localization  can  then  be  accomplished  at  the 
operational  site  by  comparing  strobe  reports  from  adjacent  sites 
(triangulation).  This  ECCM  technique,  however,  is  beyond  the 
control  of  the  radar  system  design. 

Other  Techniques 

Techniques  such  as  pseudo-random  COHO,  sidelobe  cancellers  and 
adaptive  beam  forming  are  not  recommended  for  Type  A due  to  their 
complexity  and  power  consumption. 

2.  7.  4 Multipath  Analysis 

The  multipath  problem  is  due  to  contamination  of  the  direct  signal  return 
from  a source  by  the  indirect  return  which  arrives  by  a reflected  path.  Multi- 
path  can  be  either  specular  or  diffuse  or  both.  Specular  multipath  is  caused  by 
scattering  from  an  essentially  smooth  surface  while  diffuse  scattering  occurs 
when  the  surface  is  rough. 

The  diffuse  component  is  generally  negligible  when 
0. 065X 


where: 

= rms  surface  height  variation 
X = wavelength 

= specular  reflection  angle 

For  both  L-Band  ()  = 0.  76  feet)  and  UHP'  (X  = 2.6  feet),  both  inequalities 
are  satisfied  for  most  terrains  of  reasonable  flatness.  Most  of  the  current 
DEW  LINE  sites  are  situated  such  that  they  overlook  relatively  flat  terrain  or 
water.  Several  sites  located  on  Baffin  Island  appear  to  overlook  more  rugged 
terrain. 
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The  worst  specular  scattering  conditions  will  occur  when  the  radar  over- 
looks the  sea  or  long  fields  of  ice.  Either  of  these  conditions  can  occur  for 
many  DEW  LINE  sites  depending  on  the  season  of  the  year.  Both  sea  water  and 
ice  conditions  were  assumed  in  the  analysis  to  assess  the  full  range  of  the  multi- 
p>ath  problem. 

An  existing  multipath  program  at  Raytheon  was  employed  to  evaluate  the 
effects  of  multipath  at  L-Band  and  UHF.  This  program  utilizes  the  specular 
multipath  equations  ( Appendix  D ) for  a curved  earth.  Surface  roughness 
is  taken  into  consideration.  This  multipath  computer  program  was  developed 
under  the  Wide  Area  Active  Surveillance  (WAAS)  study  for  the  Naval  Electronic 
Systems  Command  (Contract  No.  No0039-75-C-0435). 

The  p>aramctric  variations  examined  are  summarized  in  Table  2.  7.  4-1, 

The  target  and  radar  heights  were  varied  parametrically  as  shown  in  the  table. 
The  corresponding  figure  for  these  parameters  is  also  indicated.  Figures 
2.  7.  4-1  through  2,  7.  4-14  comjjare  L-Band  and  UHF  multip>ath  over  ice  for 
various  target/radar  height  combinations.  The  same  comparison  is  made  over 
sea  water  in  Figures  2.  7.4-15  and  16  for  two  selected  cases.  The  effectiveness 
of  frequency  agility  in  filling  in  the  multipath  nulls  is  demonstrated  in  Figures 
2.  7.  4-17  and  18. 

The  multipath  curves  shown  are  accurate  out  to  2-3  NM  of  the  horizon 
where  the  simplistic  multipath  model  used  is  deficient  as  it  neglects  the  transition 
region  between  interference  and  diffraction  near  the  horizon.  A discussion  of 
the  model  employed  is  given  in  Appendix  D. 

In  all  figures,  the  expected  L-Band  signal-to-noise  ratio  (S/N)  is  shown  as 
a function  of  target  range  for  constant  target  altitude.  The  system  parameters 
employed  are  those  for  the  L-Band  Baseline  and  an  essentially  similar  UHF 
split-frame  configuration.  These  parameters  are  summarized  in  Table  2,  7,  4-2. 
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All  of  the  multipath  figures  show  the  system  sensitivity  (single  pulse  S/N) 

to  achieve  0,  9 probability  of  detection  per  scan  for  both  a 16  M target  to  60  NM 

ajid  a 1 M target  to  30  NM.  Two  S/N  scales  are  shown  for  the  two  target  sizes. 

The  sensitivity  values  are  7.  5 dB  for  L-Band  and  2.  1 dB  for  UHF.  The  derivation 

of  these  values  is  discussed  in  Section  2.  7.  1.  The  effects  of  Sensitivity  Time 

4 

Control  (STC)  are  also  shown  on  the  figures.  The  STC  assumes  an  R STC 
curve  which  disappears  at  about  25  NM.  The  plots  shown  end  at  the  radar  hori- 
zon or  at  60  NM,  whichever  is  smaller. 

2 

The  results  against  a 16  M target  at  L-Baind  overlooking  ice(Figures 
2.  7.  4-  1 to  6)  are  substantially  similar  to  those  shown  for  UHF  (Figures  2.  7.  4-7 
to  12).  Minor  excursions  do  drop  below  the  sen sitivity /STC  lines  at  both  fre- 
quencies, but  the  large  majority  of  the  returns  exceed  the  thresholds.  The  effect 
or  greater  radar  height  (Figures  2.  7.  4-6  and  12)  is  to  produce  faster  variations 
in  signal  strength  as  the  target  moves  in. 

In  general,  the  range  intervals  of  increased  signal-to-noise  ratio  are 
longer  at  UHF.  This  should  provide  an  edge  in  detecting  fast  targets. 

Against  a 1 M^  target,  some  noticeable  differences  begin  to  occur.  For 
low  target  altitudes,  the  0.9  detection  threshold  is  crossed  earlier  at  L-Band. 

The  difference  in  threshold  crossing  range  is  about  4-5  NM  up  to  500  feet  target 
altitude.  Above  500  feet,  the  differences  do  not  appear  substantial. 

The  ice  surface  conditions  analyzed  represent  a worst  case  as  the  reflection 
coefficients  are  highest  and  the  attenuation  is  the  least  of  all  surfaces.  A dif- 
ferent surface  condition  which  would  probably  predominate  at  warmer  times  of 
the  year  is  that  of  sea  water.  Two  cases  are  shown  in  Figures  2.  7.4-13  and  14. 
Comparison  with  the  equivalent  ice  cases  shows  that  the  results  are  similar 
except  that  the  null  and  peak  excursion  are  not  as  extreme. 
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Figure  2.7.4-10.  Multipath  Results 
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Figure  2.7.4-12.  Multipatli  Results 


S/N  (dB)  16  M 


Table  2.  7.  4-2 

Table'  2.  7.  4-2.  Radar  Parameters  for  Multipath  Analysis 


L-Band 

UHF 

Peak  Power 

2.  6 KW 

4. 7 KW 

G.J, 

35.  5 dB 

26.  4 dB 

^R 

33.  8 dB 

24.  8 dB 

Target  Cross-Section 

16  M^,  1 

16 

Pulsewidth 

6 ps 

6 ps 

Wavelength  C' ) 

0.  24  M. 

0.  67  M 

Noise  Temperature  (T^) 

355°K 

362°K 

System  Losses: 

T ransmit 

1.  5 dB 

1.  0 dB 

Scan  (Azimuth  only) 

1.  3 dB 

. 8 dB 

Atmospheric 

1.  1 dB 

. 3 dB 

Elev.  Beamwidth 

6° 

18° 

Beam  Pointing  Direction 

3° 

9° 
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['he  effect  of  multipath  nulls  can  be  minimized  by  the  use  of  frequency 
agility.  This  effect  is  illustrated  in  Figures  2.  7.  4-15  and  16  for  ice  surface 
conditions  at  UHF  with  a frequency  change  of  50  MHz  (425  and  475  MHz)  sub- 
stantially the  same  effect  would  occur  at  L-band  for  the  same  percentage  band- 
width (1  50  MHz).  In  both  Figures  2.  7.  4-  1 5 and  1 6,  the  plots  at  the  two  frequen- 
cies are  shown  on  the  same  figure  for  convenience  in  assessing  the  difference. 
The  nulls,  particularly  at  longer  ranges,  can  be  seen  to  be  substantially  filled. 

Multipath  comparisons  at  UHF  and  L-band  with  the  radar  parameters 
assumed  indicate  that  in  the  case  of  a 16  sq  meter  target  both  UHF  and  L-band 
have  adequate  detection  capability  and  if  comparisons  are  made  on  an  equal 
prime  power  basis  UHF  would  be  preferred.  In  the  case  of  a 1 sq  meter  target 
UHF  is  preferred  for  a target  above  500  ft  and  l.-band  for  a target  below  500  ft. 

In  general  both  UHF  and  L-band  appear  to  satisfy  a 'trip-wire'  dedertion 
process  in  the  presence  of  multipath.  However,  it  will  be  the  ultimate  definition 
of  the  'trip-wire'  detection  requirements  that  determine  the  choice  of  frequency. 
In  this  context  it  will  be  necessary  to  define  not  just  detection  but  also  tracking 
requirements,  particularly  as  they  relate  to  duration  of  the  periods  of  continuous 
track  and  how  many  such  pe*  iods  are  required.  This  latter  question  will  also 
determine  if  360  degree  coverage  is  needed. 

Thus,  it  is  concluded  that 

• No  significant  difference  is  likely  between  UHF  and  L-band  in  the 
presence  of  multipath  with  the  exception  of  a 1 sq  meter  target 
below  50t^  ft  in  which  case  L-band  is  preferred. 

• For  equal  prime  power  consumption  UHF  would  have  the  advan- 
tage under  all  conditions  except  below  500  ft  for  a 1 sq  meter  ^ars* 

• It  will  be  necessary  for  mission  planners  to  define  the  ci;* 
detection  requirements,  duration  and  number  of  per'; 
tinuous  track  data  particularly  below  500  ft  altitude  *- 
frequency  choice  can  be  made. 


A further  and  more  comprehensive  evaluation  is  recommended 
to  assess  the  performance  of  both  frequencies  for  low  altitude, 
low  cross-section  targets.  Model  of  the  expected  low  altitude 
intruder  (minimum  altitude  cross-section  and  velocity)  would 
also  be  desirable. 


\ 
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2.  7.  S Accuracy 

The  specified  systein  accuracy  in  the  Statement  of  Work 
is: 

• Azimuth  accuracy  = 0.  5 degrees 

• Range  accuracy  = 0.  25  NM 

• Range  rate  accuracy  (not  specified) 

(a)  Azimuth  Accuracy 

The  target  azimuth  is  estimated  by  a beam  centroid  technique,  i.  e.  , 


n 


i=l 


where 

Aj  = antenna  boresight  azimuth  for  ith  sample 
= magnitude  of  ith  sample 

n = number  of  samples  (batches)  between  3 dB  points 

The  theoretical  accuracy  for  uniform  illumination  over  a rectangular 
aperture  (Reference  2.4.3)  is  given  by: 

0.  62  A A 
^ 2n  S/N 

where 

AA  = azimuth  beamwidth 

S/N  = average  signal-to-noise  ratio  per  batch 

In  general,  other  sources  of  error  limit  practical  achievement  of 
accuracy  to  about  one-tenth  to  one-twentieth  of  a beamwidth.  The  specification 
does  not  call  for  accuracies  approaching  these  values,  thus  the  noise  error 
will  be  the  determining  error. 
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The  baseline  system  batch  S/n  is  (Table  2.  7.  l-l)  13.  l dB,  The  number  of 
batches,  n,  is  2 and  the  azimuth  beamwidth  is  1.4°.  Using  these  values 


= 0.15° 

at  maximum  range  which  is  adequate  to  meet  the  specification. 

For  an  equivalent  UHF  system  with  parameters: 

&A  = 3.5° 

S/N  = 7.  7dB 
n =5 


The  azimuth  error  is 

a =0.  45°  at  maximum  range. 

(b)  Range  Accuracy 

The  range  is  also  estimated  by  a centroid  technique.  The  magnitudes 
in  adjacent  range  gates  are  compared  by  the  algorithm, 


A 

R = 


3 

L 

i=I 


M. 


where  samples  1 and  3 correspond  to  adjacent  range  gates  around  the  biggest 
magnitude. 

The  range  accuracy  associated  with  this  type  of  technique  is  (Reference 

2.4.3); 


- 

^ 'fz  5/n 
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where 


AR  = range  resolution 

= 0.5  NM  for  baseline  system  (6  Usee  pulsewidth). 
Then , 


= 0.  08  NM 


which  meets  the  specification. 

This  value  also  applies  to  an  equivalent  UHF  system. 

(c ) Range  Rate  Accuracy 

Range  rate  is  estimated  by  selecting  the  doppler  filter  with  the  biggest 
magnitude.  The  velocity  resolution  is. 


AV  = 


^ fr 


2 N 


df 


where  X = wavelength 

fr  = pulse  repetition  frequency 
= number  of  doppler  filters. 
The  error  in  selecting  one  filter  is, 


o 


AV 

V = 7T7 


Using,  for  the  Baseline  system, 


X =0.  23m 
fr  = 1150  Hz 


Then, 

=4.8  m/ sec 
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For  the  equivalent  UHF  system  with  X = 0.  67m, 


= 1 3.  9 m/ sec 

2.  ■.  Prime  Power  Consumption 

The  estimates  of  prime  power  consumption  for  four  selected  system  con- 
figurations are  summarized  in  Table  2.  7.  6-1.  Two  L-band  and  two  UHF  sys- 
tems are  shown.  The  Baseline  L-band  system  has  been  described  at  length 
elsewhere  in  this  report  (Section  2.  2.  3).  L-band  Configuration  13  is  essentially 
a ’maximum-hardware"  system  and  represents  a worst  case  for  power  con- 
sumption. It  utilizes  6 lens,  6 receivers,  256  TRSSMs  and  a 1.  5 Msec  pulse- 
width  which  increases  the  size  of  the  signal  processor  (section  2.  3.  5).  It 
probably  also  represents  the  best  performing  system  in  terms  of  coverage 
uniformity  and  inherent  hardware  parallelism.  However,  it  is  also  the  most 
costly  and  power  consuming  of  all  the  configurations. 

UHF  configuration  49  is  a 2 lens,  2 receiver  system  which  means  that 
the  search  volume  is  covered  in  elevation  by  "machine-gunning"  on  transmit 
between  the  two  beams  and  listening  simultaneously  on  both.  Thus  it  has 
excellent  frame-time  and  track  initiation  time  characteristics.  The  TRSSMs 
are  assumed  to  lie  behind  the  quadrant  switch  (see  Section  2.  2.  4). 

UHF  Configuration  62  is  nearly  a "minimum  hardware"  configuraticai  in 
that  it  uses  only  1 receiver  and  1 lens.  This  configuration  is  the  UHF  analogue 

of  the  L-band  baseline  with  the  exception  that  the  TRSSM's  are  located  behind 
the  Quadrant  switch. 

The  variation  in  power  consumption  between  the  configurations  is  evident. 
The  L-band  baseline  uses  nearly  700  watts  while  L-band  Configuration  13  uses 
better  than  1.  6 kW.  The  two  UHF  systems  shown  range  from  about  400  to  600 
watts. 

The  two  biggest  power  consumers  shown  in  Table  2.  7.  6-1  are  the  TRSSM 
and  the  signal/data  processor.  The  effect  of  reducing  the  number  of  TRSSMs 
(lower  frequency  and  moving  the  modules  behind  the  quadrant  switch),  and  the 
effect  of  pulsewidth  (range  resolution)  on  the  signal  processor  are  evident. 
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The  derivation  of  these  power  estimates  is  discussed  in  the  followini; 

|)a  raji  raphs. 

TRSSM 

The  power  consumption  for  each  TRSSM  configuration  (frequency  output 
power,  and  number  of  receiver  channels)  was  analyzed  on  a stage-by-stage 
basis.  The  power  input  diagram  for  the  L-band  baseline  is  shown  in  Figure 
2.  7.  6-1.  Three  driver  stages  and  two  parallel  final  amplifier  stages  are 
required  to  produce  40  watts  peak  output.  Low  power  CMOS  is  proposed  for 
the  switching  and  logic  functions  described  in  Section  2.  3.  2.  Three  low  noise 
amplifiers  (LNA)  are  required  for  the  baseline. 

The  total  power  input  required  for  the  baseline  TRSSM  and  several  other 
TRSSM  configurations  are  summarized  in  Table  2.  7.  6-2. 
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Table  2.  7.  6-2  TRSSM  Power  Requirements 


Total  248w  415  455  370  719  258  109  122 


Figure  2.  7.  6-1  Baseline  TRSSM  Power  Dissipation 
Azimuth  Steering 

The  switch  design  was  selected  to  require  a minimal  amount  of  control 
power  dissipation.  All  logic  is  CMOS  with  very  low  power  dissipation  (less 
than  500  mW  for  all  of  the  azimuth  steering  logic). 

Because  of  the  slow  switching  rates  of  the  switches  (10-30  Usee),  a simple 
low  dissipation  switch  driver  can  be  used,  and  power  is  consumed  only  when 
the  switch  is  activated  (forward  bias).  There  are  205  diodes  (per  lens)  in  the 
forward  bias  condition.  At  100  mW  per  driver  and  500  mW  for  the  logic,  the 
power  dissipation  for  a single  R-Lens  switch  assembly  is  21  watts. 

As  the  Baseline  lonfigu  ration  i untains  3 lens,  the  total  power  consumption 
is  6 3 watts.  Configuration  1 i with  6 lenses  consumes  twice  as  much. 
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Fewer  diode/driver  switch  pairs  are  required  for  UHF  as  theri  tre 
fewer  antenna  elements  to  drive.  Approximately  19  watts  for  logic  an'  diode 
driver  dissipation  will  be  required  per  lens.  For  a two  lens  UHF  configuration, 
38  watts  will  be  required. 

Receiver/  Exciter 

rhe  reieivt'r  and  ex<  iU'r  flesigns  arc  bascfl  on  s imf)  1 i fi  cal  ions  of  existing 
Transportable  Su rv ei  1 lam  <•  Radar  (TSR)  flesigns.  Fxl  rapolat  ing  (by  tomparison 
of  relative  parts  counts)  fromTSR  power  dissipation  data,'  th«-  <1.  t.  power  con- 
sumption per  receiver  channel  will  be  between  25  and  35  watts,  and  the  exciter 
requirement  will  be  between  40  to  50  watts  range.  The  total  power  consumption 
for  the  baseline  configuration  will  be  a minimum  of  115  watts. 

This  is  felt  to  be  a conservative  effort  as  time  has  not  permitted  full 
evaluation  of  new  promising  receiver  technology.  Anticipated  in  the  near 
future  are  receiver  designs  that  utilize  microwave  monolithic  integrated  cir- 
cuits and  L-band  A/D  converters.  Employment  of  such  devices  should 
substantially  reduce  the  predicted  power  consumafion  values  for  the  receiver/ 
exciter. 

Signal/ Data  Processor 

The  power  requirements  for  the  signal  and  data  processors  hinges  on  the 
design  of  an  efficient,  high  speed,  processing  element.  The  design  of  such  an 
element,  called  the  Common  Element  (CE)  is  described  in  detail  in  .Section 
2.  3.  5.  The  speed-power  trade-offs  for  such  a device  are  shown  in  Figure 
2.  3.  5-6. 

The  numbers  of  signal  processing  Es  required  for  various  configurations 
is  given  in  Figure  2.  3.5.  7.  Two  data  processing  CEs  are  adequate  to  handle 
the  target  load  for  all  configurations.  Using  the  early  1980' s estimate  for 
Integrated-injection  logic  (I^L)  and  silicon  on  sapphire  (.SOS)  memory,  the 
power  dissipation  per  CE  is  approximately  15  watts  for  a 100  nanosecond  cycle 
time  capability.  The  power  requirement  for  the  remaining,  serial,  portion  of 
the  signal  processor  is  estimated  as  75  watts  based  on  predicted  IC  count.  This 
serial  portion  includes  the  synchronizer  and  the  input-output  (l/O)  circuits. 
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Ihiis,  the  signal  data  processor  power  dissipation  can  be  predicted, 


Power  = (15)  + 2)  + 75  watts 

where  N,.  = niimocr  of  signal  processor  C Es , which  can  be  obtained 

C E r I 

from  F'igure  2.  3.  5.  7. 

For  the  various  configurations,  's  6 for  the  baseline,  48  for  con- 

figuration 1 3 (twii  e as  itiany  instrument  beams  and  four  times  as  many  range 
gates),  4 for  configuration  49  and  2 for  configuration  61.  This  leads  to  the 
power  level  shown  on  Table  2.  7.  6-1. 

It  can  be  seen  that  the  signal  processor  represents  one  of  the  major  con- 
sumers of  prime  power.  The  present  estimates  are  based  on  predictions  using 
I^L  and  SOS/CMOS  technologies.  It  is  evident  that  the  signal  processor  design 
is  one  of  the  areas  where  a major  improvement  in  power  consumption  is  pos- 
sible. Raytheon  is  presently  studying  a C.C.D.  signal  processor  for  use  in 
space.  This  technology  applied  to  the  unattended  radar  holds  promise  of  re- 
ducing the  total  power  consumption  of  the  signal  processor  to  ^10  watts.  The 
technology  application  of  C.  C.  Di's  to  the  unattended  radar  will  be  studied  during 
the  coming  year. 

Bite 

The  Bite  processing  speed  requirements  are  modest  and  thus  permit  the 
use  of  CMOS  digital  logic  building  blocks.  Such  devices  typically  draw  current 
on  the  order  of  microamperes  and  only  during  the  switching  transition.  In  their 
static  position  they  present  both  input  loading  so  that  one  CMOS  gate  can  drive 
many  others. 

An  AMD99S0  militarized  processor  has  been  selected.  The  power  re- 
quirements are  summarized  in  Table  2.  7.6-3.  The  power  dissipation  is  about 
2.5  watts  for  a quiescent  state  and  10  watts  for  dynamic.  It  is  proposed  to 
use  three  ac  tive  BITE  proi  essors  in  a voting  c onfiguration.  The  average  power 
load  is  conservatively  estimated  as  15  watts  for  all  three. 
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Table  Z.  7.  b-3.  BITE  Power  Requirements 


Function 


T^He 


Power 

Dissipation 


ALU  9080  |.5w 

Buffer  8228  0.  8 

Decoder  MC14028AL  0.0! 

ROM  MC1452AL  0.  02 

Bus  Register  MC14039AL  0.02 

Hex  Tristate  - 0.  05 

Dr  iver 

Misc  Logic  CMOS  Q.  01 


~ 2.  4w  (Quiescenti 

Dynamic  power  consumption  = 4 x Quiescent  = 10  watts. 


IFF 

The  IP'F  subsystem  is  only  activated  upon  receipt  of  a target  designation 
from  the  radar.  When  not  used,  the  entire  IFF  is  deactivated  except  for  a 
small  amount  of  control  logic. 

The  power  consumption  breakdown  for  the  IFF  is  show'n  in  Table  2.  7.  6-4. 
Table  2.  7.  6-4.  IFF  Power  Requirements 

Power;  Watts 

FRU  IDLE  ON 


ANT  Controller 

0 

. 55 

R/T 

0 

14.  1 

Command  Interface 

0.  1 

. 68 

SIF/IFF  Processing 

0 

1.  7 

BITE  GO 

. 01 

. 01 

Power  and  Power  Manage 

. 1 

— 

Pin  Diode  Driver 

Power  Converter 

0 

9.  i 

. 21 

26.  24 

Conversion  Ixjss 

. 07 

9.  17 

. 27  watts 

35.  41 
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It  is  estimated  that  the  average  target  designation  rate  to  the  IFF  will  be 
about  two  per  hour  (one  true  target  and  false).  Interrogation  takes  only  one  to 
two  seconds  including  warm-up.  Thus,  a conservative  estimate  of  the  average 
IFF  power  drain  is  one  watt. 

Communication  l/O 

The  expec  ted  output  data  rate  of  the  communication  l/O  device  will  be 
very  low.  Essentially,  the  communication  link  will  be  activated  only  when 
a target  alarm,  IFF  interrogation  or  BITE  status  message  is  ready  to  be  trans- 
mitted. This  would  probably  occur  at  a maximum  of  once  per  scan  but  will 
probably  be  much  slower.  Advantage  can  be  taken  of  this  inherent  low  duty 
cycle  by  using  CMOS  devices. 

It  is  estimated  that  five  watts  will  be  sufficient  for  this  function. 

Power  Distribution 

A small  factor  for  power  distribution  (current  diversion  and  routed)  is 
included  in  Table  2.  7.  6-1. 

It  should  be  noted  that  power  conversion  efficiency  (power  supplies  and 
regulation)  have  not  been  estimated.  The  general  uncertainty  as  to  the  type  of 
prime  power  source  (a.  c.  , d.  c.  , regulation,  etc,  ) was  felt  to  be  too  great  to 
permit  accurate  estimation  of  this  power  function. 

The  input  power,  for  the  purpose  of  this  study,  has  been  assumed  to 
take  the  form  of  well  regulated  d.  c.  at  the  appropriate  currents  and  voltages 
(primarily  +^5V,  + 15V  and  28V  d.  c.  ). 
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2.8  COST  SENSITIVITY  ANALYSIS 


As  shown  in  Figure  2.  1-2  the  approach  to  tt>e  cost  sensitivity  analysis  was  to 
examine  in  considerable  detail  all  the  cost  related  aspects  of  the  baseline  system. 
This  was  achieved  at  the  hardware  level  by  the  generation  of  detailed  bills-of- 
material,  engineering  design  data,  and'similar  too'  information  from  which  a 
rigorous  manufacturing  estimate  was  developed.  Cost  sensitivity  at  the  program 
level  was  developed  by  establishing  a program  cost  model  and  assumptions.  This 
section  describes  the  hardware  and  program  cost  elements  and  the  resulting  sen- 
sitivity analysis. 

2.  8.  1 BASELINE  HARDWARE  COST  DATA 

A work  breakdown  structure  at  the  system  hardware  elements  was  developed 
as  shown  in  Figure  2.  8-1.  Against  each  element  a bill-of-material  (BOM)  was 
developed  using  engineering  design  data  for  sub-elements  where  previous  design 
relationships  could  not  be  established  and  ’similar  too'  data  where  previous  designs 
were  judged  applicable.  The  BOM's  and  design  data  were  provided  to  Raytheon 
manufacturing  cost  estimators  who  performed  a rigorous  cost  estimate  based  on 
1977  dollars.  This  estimate  involved  many  vendor  quotations  to  ensure  maximum 
cost  validity. 

This  baseline  hardware  cost  data  was  then  extrapolated  to  the  other  system 
alternative  configurations  by  factoring  the  complexity  of  each  involved  element. 

The  ground  rules  and  assumptions  used  to  generate  the  actual  prototype  and  pro- 
duction lot  estimates  are  detailed  in  the  following  definition  of  the  program  cost 
model. 

2.  8.  2 COST  MODEL 
Assumptions 

a.  The  model  will  consider  only  those  costs  directly  related  to  radar  de- 
sign. Government  costs  will  not  be  included  except  where  specifically 
noted.  The  following  costs  also  are  not  included: 

• Transportation  of  hardware  and  n-vaterials  to  and  from  the  Arctic 
sites. 

• Site  preparation  for  Arctic  tests. 
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• Site  construction  for  operational  system. 

■ Intersite  transportation  operation  and  maintenance. 

• Life  support  and  overhead  personnel  at  sites. 

• Transportation  of  failed  modules  to  and  from  a repair  depot. 

• Logistics  pipeline  requirements. 

• Contractual  risk  and  turnkey  prime  responsibilities. 

b.  The  program  will  consist  of  four  phases  as  shown  in  Figure  2.  8-2.  The 
level  of  pricing  commitment  is  also  shown  at  each  of  the  four  phases. 

It  can  be  assumefi  that  it  will  be  necessary  for  the  Government  to  main- 
tain price  competition  through  the  validation  phase.  This  analysis  does 
not  consider  the  cost  impact  to  the  Government  of  price  competition. 

Also  shown  are  the  time  relationships  between  the  four  phases  for  the  three 
design  times  (3,  6,  and  12  months).  A fixed  development  and  contractor  factory 
test  time  has  been  assumed  for  all  design  times.  The  number  of  prototypes  and 
the  duration  of  Arctic  testing  varies  with  the  design  time.  These  parameters 
(number  of  prototypes,  Arctic  test  time)  have  been  chosen  to  give  an  essentially 
equal  confidence  level  in  system  reliability  for  the  three  times.  For  example, 
the  number  of  prototype  Arctic  testing  hours  for  the  12  month  system  (4  prototype 
X 3 years  12  prototype  - years  is  four  times  that  of  tlie  tliree  month  option  (2 
prototypes  x 1.  5 years  = 3).  The  confidence  achieved  with  this  level  of  testing  is 
about  50  percent.  Confidence  level  versus  test  time  tradeoffs  are  discussed  in 
Section  2.6.  3. 

The  total  life  cycle  cost  (LCC)  can  be  expressed: 


LCC  = CF  + V + I + OS 
c c c c 


where 

LCC  = Life  Cycle  Costs 

CF  = Concept  Formulation  Phase  Costs 

V = Validation  Phase  Costs 
c 

I = Production  (Investment)  Phase  Costs 
c 

OS^  = Operation  and  Support  Phase  Costs 
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Figure  2.  8-2.  Type  A Program  Phasing 


Concept  Formulation  Definition 


This  proRram  phase  will  be  12  months  duration  for  all  three  reliability 
variants.  The  elements  to  be  costed  are: 

• KnRineerinR  flesiRn  and  analysis,  selection  of  preferred  confiRuration 
to  meet  minimum  requirements. 

• PricinR  for  validation  phase. 

• Establish  reliability  test  plan  including  detailed  agreement  with  Air 

♦ 

Force  as  to  test  conditions,  failure  modes  and  ground  rules. 

It  has  been  assumed  that  in  all  instances  the  cost  of  the  concept  formulation 
phase  will  be  $500K. 

Validation  Phase  Definition 

This  phase  is  separated  into  three  elements. 

• Design  and  fabrication  of  prototype  units. 

• Factory  test  program. 

• Arctic  test  program. 

The  following  relationships  apply: 

V = (N)(TH  ) + DEV  + SE  + RMT  + MOD 
c c c c c c 

where 

N = No.  of  prototpyes  required  (2  for  3 month  radar;  3 for  6 month 

radar;  4 for  one  year  radar) 

TH^  = Hardware  fabrication  cost  per  prototype 

DEV^  = Development  cost 

SE^  = Support  equipment  cost 

RMT  = R & M demonstration  test  cost 

c 

MOD^  = Cost  of  modifications  to  convert  prototypes  to  pre-production 
models 

TH^  was  estimated  rigorously  from  the  bills-of-materials  and  design  data 
provided  to  nianufacturing  cost  estimators. 

*Thls  item  is  one  of  the  major  risk  areas  in  the  total  program. 
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The  design  and  fabrication  phase  (DEV^)  is  assumed  to  be  of  two  years 
duration  for  all  three  reliability  variants.  The  intent  of  this  activity  is  to  design 
and  build  the  required  number  of  prototypes  with  a minimum  of  documentation 
(Form  3 drawings  and  engineering  sketches). 

dev  = E + MPS  + DAT  + SW  + TE 
c c c c 

where 

E = Engineering  costs 

MPS  = Management  and  program  support  costs 

c 

DAT  = Data  costs 

c 

SW  = Software  costs 

c 

XF:  ^ Test  and  evaluation  cost 

c 

SE  and  DEV  was  estimated  from  the  hardware  fabrication  cost  per  proto- 
type  (TH*^)  using  parametric  relationships  developed  from  seven  previous  radar 
development  programs  considered  representative  of  relationships  involved.  These 
parametric  relationships  which  involve  proprietary  Raytheon  information  establish 
SE  , E , MPS  , DAT  , SW  and  TE^  as  percentages  of  the  total  validation  phase 
cost  which  in  tlrn  is  a^'const'ant  (K)  x^he  total  prototype  hardware  costs.  In  these 
relationships,  SE^,  MPS^,  DAT^,  and  SW^  are  independent  of  the  number  of  pro- 
totype built,  TH^  and  TE^  direct  functions  of  the  number  of  prototypes  and  E^  a 
weak  function  of  the  number  of  prototypes  since  subsystem  testing  is  involved. 

The  total  reliability  and  maintainability  demonstration  costs  (RMT^)  is  based 
on  two  elements. 

RMT  = RMTC  + RMTA 

c c C 


where 


RMTC  = R & M demo  test  cost  at  contractor  factory 
c 

RMTA  = R & M demo  test  cost  at  Arctic 
c 

RMTC^  = P + S 
c c c 


where 
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Personnel  cost 


P 

c 

= Support  cost  (10%  TH^) 


P = (M)  (5)  (CPY)  (NOY)  + PO  (NOY) 
c c 


where 

M 

CPY 

NOY 

PO 

c 

S 

c 


= No.  of  personnel  per  shift  (3) 

= Cost  of  person  per  year  ($65K) 

= No.  of  years  of  R & M test  (1  year) 

= Program  office  cost  per  year  (4  personnel) 
= Cost  of  spares  and  repairs 


RMTA  = INS  + P + S 
c c c c 


where 

INS  = Installation 

c 

= (M)(0.  25  CPY)(N) 

where 

M = No.  of  personnel  per  site  (15) 
N = No.  of  prototypes 


P = M(NOY)(CPY)(N)  + PO  (NOY) 
c c 


where 

M = No.  of  personnel  per  site  (4) 

N = No.  of  prototypes 

NOY  = No.  of  years  Arctic  Test  (1.  5 yr.  for  3 month  radar,  2 yr.  for 
6 month  radar,  3 yr.  for  1 yr.  radar) 

The  factory  test  activity  is  intended  to  upgrade  the  configuration  to  pre- 
production  and  will  last  for  12  months  in  all  cases.  The  assumed  strategy  is  for 
one  system  to  prove  system  electrical  performance  while  the  remaining  prototypes 
(1,  2 or  3)  are  ' soak  tested'  to  eliminate  latent  defects.  Full  configuration 
management  will  be  initiated  at  the  beginning  of  this  activity  and  all  engineering 
changes  fully  documented.  Form  1 drawings  will  be  available  at  the  completion 
of  this  test  activity. 
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The  support  equipments  must  be  transportable  and  yet  able  to  demonstrate 
all  system  performance  parameters  with  the  exception  of  antenna  patterns  which 
must  be  demonstrated  on  qualified  range. 

The  Arctic  test  activity  will  be  1 , 5 years  for  20,  000  hour  system,  2.  0 years 
for  40,  000  hour  system  and  3.  0 years  for  80,  000  hour  system.  Equipment  in- 
stallation personnel  and  support  equipment  costs  at  the  Arctic  site  are  considered. 

At  the  completion  of  the  Arctic  test,  it  is  anticipated  that  no  more  than  50% 
confidence  of  achieving  20,  000,  40,  000  or  80,  000  hours  MTBF  will  be  possible. 

The  issue  of  who  takes  responsibility  for  committing  to  production  at  50%  confi- 
dence and  the  contractual  penalties/incentives  that  are  involved  is  not  considered 
as  a cost  item  at  this  time. 

Production  Phase  Definition 

Investments  costs  associated  with  the  production  phase  are  defined  as  follows: 

I = PR  + PF  + MPS  + IT  + LN  + SE  + IRS 
ccc  cccc  c 

where 

PR^  = I’rototype  refurbishment  costs 

= (0.  4 TH  )(N) 
c 

PF  = Production  fabrication  costs 

c 

= (80-N)  X average  manufacturing  cost. 

This  cost  element  was  developed  by  rigorous  estimation  from 
bills -of- mate  rial,  engineering  design  data,  and  'similar  too' 
references.  The  production  program  was  assumed  to  consist 
of  a 1 year  lead  time  followed  by  two  years  of  manufacture  at 
a constant  rate. 

MPS^  = Management  and  program  support  costs 
= (M)(CPY)(NOY) 

M =15  personnel 
CPY  = $65K 
NOY  = 3 years 
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IT 

c 


l.N 

c 


SE 

c 

IRS 

c 


= Installation  and  test  costs 

= (M)(0.  25  CPY)(N) 

M = 15  personnel 
N = 80  sites 

= I’ermanently  manned  site  additional  radar  hardware  costs. 

This  item  includes  BITE  computer  and  display  equipment 
IFF  Mode  4 K-I*R  unit  and  radar  control  panel.  Seven 
permanently  manned  sites  were  assumed. 

= Support  equipment  for  the  permanently  manned  sites. 

= Initial  and  replacement  spares  costs.  These  spares  were  com- 
puted on  the  assumption  that  over  a 20  year  Operation  and  Support 
period  5%  of  all  module  (FRU)  failures  would  require  replacement 
with  new  modules.  These  replacement  modules  were  also 
assumed  to  be  manufactured  during  the  production  phase.  Addi- 
tional modules  for  logistics  pipeline  requirements  were  not 
estimated. 


Operation  and  Support  (O  S'  S)  l^hase  Definition 


The  costs  associated  with  this  phase  considered  only  the  direct  maintenance 
personnel  per  manned  site  required  to  bring  a failed  radar  back  to  full  operation 
within  a 3 hour  visit,  and  the  cost  of  repair  for  95%  of  the  failed  FRU's. 


OS  = P 4 R 
c c c 

where 

P = Personnel  costs 
c 

= (NPLN)(NLP)(CPY)(NOY) 

NPLN  = Number  of  maintenance  personnel  required  for  3 hour 

repair  visit.  Based  on  an  analysis  of  mean-time-lo- replace 
and  failure  rate  for  each  of  the  radar  FRU's,  the  personnel 
required  to  bring  a 3,  f>  and  12  month  radar  back  to  full  per- 
formance with  a 3 hour  visit  was  estimated.  This  estimate 
did  not  consider  safety,  overhead  or  transportation  aspects 
but  did  assume  a 75%  factor  for  personnel  efficiency.  The 
following  table  lists  the  direct  maintenance  personnel 
requirements. 

*See  Section  2.  6,  7. 
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L-  Band 
UIIF 


90%  Pg/ 

3 months 
1.0 
1.0 


90%  P / 

8 

6 months 
2.  0 
1.  0 


90%  Pg/ 

12  months 
4.  0 
2.  0 


All  estimates  assume  a priori  knowledge  of  all  failures  and 
that  performance  verification  is  based  on  BITE  readout  at 
the  visited  site. 

NI.N  - Number  of  logistics  nodes  (7) 

CI’Y  = Cost/per  son/year  ($b5K) 

NOY  = Number  of  years  (20) 

K Cost  of  repair  for  95%  of  the  failed  FRU's. 

c 


R per  FR  U 
c ^ 


8760(QPS)(NSYS)(NOY)(0.  4 UP) 
MTBF 


where 

QPA  = Quantity  of  that  FRU  per  system 

NSYS  = Number  of  systems  (80) 

UP  = Unit  production  price 

MTBF  = FR  U mean-time-between-failure. 

Because  of  the  spread  of  FRU  costs,  an  upper  limit  of  $1000  was  assigned 
to  the  F'RU  repair  costs.  In  this  case,  it  was  apparent  that  FRU's  with  a produc- 
tion price  in  excess  of  $2500  covild  be  assunied  to  have  lower  level  modules  which 
while  not  suitable  for  removal  in  the  field  would  permit  repairs  far  less  than  40% 
of  FRU  production  cost.  FRU's  with  prices  below  $2500  were  assumed  repairable 
at  40%  of  production  price. 

Cost  Model  Summary 

It  can  be  seen  that  within  the  guide  line  that  only  those  costs  directly  related 
to  radar  design  be  considered,  the  resulting  assumptions  severely  restrict  the 
inputs  to  the  life-cycle-costs  (L*C»C),  particularly  in  the  O & S Phase.  In  recog- 
nition of  these  omissions,  it  is  considered  more  appropriate  that  the  costs  com- 
puted in  the  following  section  be  assessed  as  a cost  sensitivity  analysis  rather 
than  a L«C»C. 
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2.8.3  Cost  Data 


The  following  charts  represent  the  tabulated  costs  of  selected  radar 
configurations  at  both  L-band  and  UHF.  The  radar  configurations  chosen  are 
considered  to  bound  the  most  attractive  options  at  the  two  frequencies.  The 
cost  model  and  assumptions  of  section  2.8.3  was  used  in  all  cases,  however 
it  is  necessary  to  clarify  cost  options  for  certain  items: 

• Building  including  shelter  and  radome. 

The  structure  material  as  costed  is  based  on  the  assumption  that  an 
integral  radome  matched  to  the  antenna  radiating  elements  is  necessary  to 
minimize  radome  losses.  In  this  instance  ~ 1 dB  of  loss  is  predicted  for  a 
separate  space  frame  type  of  radome  primarily  due  to  the  closely  matched 
contours  of  the  ring  array  to  the  radome.  However  as  can  be  seen,  an  integral 
radome  and  additional  structure  is  not  inexpensive.  Costs  for  this  item  could 
be  reduced  by  approximately  one  half  if  a separate  space  frame  radome  { 55  ft. 
diameter)  is  used  with  resulting  increase  in  prime  power  demanos. 

• Tower  Costs  (Validation  and  Investment  Phases) 

The  costs  shown  against  this  item  are  material  estimates  only.  In 
the  case  of  the  Validation  phase  the  estimate  is  for  modifications  to  existing 
towers.  The  cost  for  the  Investment  phase  assumes  80  new  towers.  However, 
it  is  obvious  that  a large  number  of  the  existing  AN/FPS-19  towers  can  be 
used  for  the  replacement  radars.  This  cost  saving  in  materials  has  not  been 
considered  at  this  time. 
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6-Month 


12-Month 


i.ii- 1:  cos  ts 

Conf ig'-i ra  1 ion  # 36 

3-Month  j 6-Month 

12-Mnnth 

Total  LCC  (^0  yr.  ) 


231. 2M 


257,  IM 


281.  3 


Concept  P'ormulation 
Phase  (CF  ) 


ValiHation  Phase  (V  ) 
c 


c 


T ower 


32. b33K 


nvestment  Khase 


c 


MP.SC 


IT 


c 


Tower 


174, 389K 


■I 


pe  ration  & 

upport  Cost  (OS^) 


23,  694K 


38,  i26K 


182, ^b^K 


35. 324K 


43, 479K 


18  3,349K 


54, 003K 


CONFIGURATION; 

L.-Band 

b usee  I’ulse 

Fence  / Bowl 

1 Receiver 

64  TRSSM'fi 

i L,etiH<!S 

Note;  Detailed  cost 

bre;ikdown  was  submitted  under  separate  cover 

LIFE  CYCLE  COSTS 


Configuration  # 39 


3-Month 


Total  LCC  (20  yr.  ) 


oncept  Formulation 
Phase  (CF  ) 


Validation  Phase  (V  ) 
c 


264.  2M 


6-Month 


293. 8 M 


12-Month 


331. SM 


“Ipe ration  fc 
iunport  Cost 


CONFICUKATION: 


L-  ll.iiul 
h'ence/  Bov.  1 
64  TRSSM's 


1 . 5 psec  Pulse 

2 Receivers 

3 Le  ns  e s 


Note:  Detailed  cost  breakdown  was  submitted  under  separate  cover. 


98 
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LIFE  CYC1.E  COSTS 


Configu  ra  t ion 


CONFKiUKA  riON:  UHF  6 Ubfc  Pulse 

Spill  t r.itne  1 Receiver 

a TKSSM's  I Lens 

Note;  Detailed  cost  breakdown  was  submitted  under  separate  cover 
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2.9  DISCUSSION  OF  RESULTS 

The  study  has  been  conducted  within  the  bounding  guidelines  described  in 
Section  2.  1.  This  was  necessary  to  reduce  the  number  of  system  variables  to 
be  examined  to  those  that  met  assumed  'top-level'  operational  and  hardware 
criteria.  Thus  a preliminary  assessment  of  several  key  variables  was  made 
early  in  the  study  to  eliminate  what  was  felt  to  be  obvious  non-contenders. 

These  decisions  included  elimination  of  all  frequencies  with  the  exception  of  UHF 
and  L-Band  and  the  choice  of  a maximum  aperture  size  to  minimize  power  con- 
sumption while  holding  installation  problems  within  reasonable  bounds. 

In  this  section,  these  bounding  guidelines  and  key  parameter  options  are 
reexamined  in  light  of  the  results  achieved  during  the  study.  In  effect,  the  intent 
is  to  test  the  integrity  of  the  study  to  discover  if  any  interesting  configuration 
variants  have  been  excluded.  While  such  an  effort  can  by  no  means  be  completely 
exhaustive,  it  is  a further  test  of  the  validity  of  the  study  model.  ' 

2.  9.  1 FREQUENCY  SELECTION 

The  study  effort  has  concentrated  on  UHF  and  L-Band  frequencies.  Fre- 
quencies above  L-Band  were  eliminated  because  of: 

• Higher  clutter  backscatter  for  equivalent  beamwidth 

• Higher  fluctuation  losses  / reduced  signal  processing  gain  for 
reduced  beamwidths 

• Higher  insertion  losses  from  microwave  devices 

• Reduced  power  generation  efficiency  from  microwave  transistors 

The  resulting  reduction  in  power/aperture  efficiency  and  increased  clutter 
suppression  problems  was  considered  undesirable  for  a minimum  power  unattend- 
ed radar. 

Higher  frequencies  have  two  primary  advantages  both  of  which  are  con- 
sidered of  reduced  importance  for  a tripwire  system: 
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• Higher  'roll-off  of  elevation  beam  pattern  for  a given  aperture. 
This  will  minimize  multipath  and  maximize  3D  low  angle  tracking 
accuracy  providing  a basic  2D  detection  is  possible. 

• Wider  bandwidths  for  same  percentage  frequency  spread.  This 
will  increase  the  power  required  by  a successful  jammer.  How- 
ever, higher  frequencies  allow  higher  gains  from  mobile  antennas 
and  for  a fixed  site  target  beam  pointing  problems  for  a jammer 
is  minimized. 

Frequencies  above  L-Band  were  considered  to  increase  the  2D  detection 
problem  while  contributing  little  by  way  of  their  advantages. 

Frequencies  below  UHF  are  also  unattractive  for  the  following  reasons; 

• It  is  desirable  to  maintain  a minimum  of  two  elevation  beams 
to  allow  a different  sensitivity-time-control  (STC)  on  the 
lower  and  upper  beams.  The  lower  beam  STC  retains  the 
system  dynamic  range  while  the  upper  beam  is  concerned  with 
weather  clutter  and  "angels".  The  use  of  the  same  STC  would 
cause  a reduction  in  close-in  high  elevation  coverage.  Two 
beams  at  150  MHz  would  require  an  undesirably  large  elevation 

aperture. 

• Antenna  noise  temperatures  due  to  cosmic  noise  increase 
dramatically  below  UHF.  At  450  MHz.  the  sky  temperature 
(for  nearly  all  elevation  angles)  is  about  150  degrees  Kelvin, 
while  it  exceeds  1000  K at  150  MHz. 

• The  azimuth  beamwidth  for  an  aperture  constraint  of  50  feet  is 
about  10  degrees  at  150  MHz.  This  considerably  increases 
tracking  errors. 

The  basic  advantages  of  lower  frequencies  are: 

• For  any  given  antenna  area  the  number  of  elements  in  an 
array  varies  directly  with  the  square  of  the  frequency  thereby 
minimizing  complexity  at  power  frequencies. 

• Reduction  in  detrimental  effects  of  ground  clutter  and  back- 
scatter  from  weather  and  large  flocks  of  birds. 
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However,  given  the  proposed  low  cost  honeycomb  sandwich  construction, 
printed  radiating  elements  and  elevation  network,  the  antenna  cost  at  UIIF  is 
minimal  therefore  reduced  number  of  radiators  will  have  a negligible  impact. 
Increased  beamwidth  from  the  50  ft.  max  aperture  will  illuminate  more  clutter 
and  diminish  any  backscatter  improvements. 

It  was  therefore  concluded  that  a frequency  window  between  UHF  and  L-Band 
offered  the  best  region  to  study  in  depth. 

2.  9.  2 ANTENNA  ARCHITECTURE 

An  electronically  scanned  ring  array  was  chosen  for  the  following  reasons; 

• Low  power  consumption  dictated  the  need  to  eliminate 
friction,  wind  resistance  and  inertia  of  any  mechanically 
rotated  system. 

• Moving  mechanical  systems  have  single  point  failure  mechanisms 
due  to  bearing  seizures.  These  failures  are  difficult  to  repair 

in  Arctic  enviroziments  during  a 3 hour  visit. 

The  multiface  array  is  not  economic  for  a 360°  scan  requirement.  It  gen- 
erates essentially  cone  shaped  beams  when  scanned  off  boresight  and  as  such  has 
difficulty  achieving  the  goal  of  0.  5 degree  azimuth  accuracy  on  all  targets.  In 
addition,  targets  detected  in  overlapping  sectors  must  be  correlated  which  requires 
a more  complex  correction  algorithm  to  reduce  the  off-axis  angle  errors  for 
correlation.  A planar  array  also  requires  phase  shifters,  which  are  inherently 
more  complex  to  fault  isolate.  For  these  reasons,  a four-faced  planar  array 
was  eliminated. 

If  the  azimuthal  coverage  required  of  the  system  was  reduced  to  180°  or  less 
a planar  array  antenna  would  require  re-evaluation.  However,  given  the  problems 
of  mounting  antennas  high  off  the  ground  and  considering  that  the  most  likely 
threat  is  from  high-speed  aircraft  at  100-500  ft.  altitudes,  a 360  degree  scanning 
system  is  highly  desirable  to  ensure  adequate  track  time  (>2  minutes)  for  high 
confidence  identification  as  a hostile. 

The  Dome  antenna  provides  an  alternate  approach  to  improve  hemispheric 
coverage.  It  uses  a single  active  planar  array  to  illuminate  a passive  dome  lens, 
which  forms  a pencil  beam  in  space.  This  antenna  however  suffers  from  gain 
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degradation  at  low  elevation  angles  and  has  difficult  polarization  problems  in 
certain  directions.  The  resulting  development  risk  make  this  configuration 
undesirable. 

The  Hourglass  antenna,  using  a concave  cylindrical  reflector  (shaped  like 
an  hourglass)  and  a ring  array  feed,  represents  an  excellent  antenna  geometry 
for  the  360*^  azimuth  coverage.  However,  due  to  the  requirement  of  an  exterior 
feed  array,  the  horizontal  dimension  of  the  antenna  tends  to  be  large.  For  ex- 
ample, if  a 44'  diameter  cylindrical  reflector  is  used,  the  feed  array  diameter 
is  approximately  bO',  Furthermore,  to  achieve  the  desired  elevation  pattern 
shaping,  the  antenna  also  requires  an  oversized  aperture.  This  configuration 
is  not  desirable  given  the  tower  mounting  constraints  and  radome  problems. 

The  cylinorical  array  offers  the  best  solution  to  the  tower/radome  con- 
straints, (44  ft.  diameter  with  integral  low  loss  radome)  and  possesses  a number 
of  othe  r distinct  advantages;  the  beam  steerability,  the  pattern  invariance,  the 
effective  usage  of  the  radiating  aperture  and  the  ease  of  protection  for  weather. 
The  pattern  invariance  is  a property  realizable  with  all  circularly  symmetric 
arrays,  such  that  the  azimuth  beam  is  electronically  steered  without  scanning 
loss. 

Cylindrical  arrays  configured  with  vertical  radiating  stacks  can  be  econ- 
omically constructed  using  recently  developed  low  cost  honeycomb  sandwich 
stripline  technology.  Given  the  advent  of  this  low  cost  technology  and  the  ad- 
vantages for  360°  coverage  the  ring  array  was  the  preferred  choice. 

2.9.3  SCAN  STRUCTURE 

This  is  the  most  fundamental  of  all  system  parameter  variables  and  is 
derived  from  the  basic  decisions  relating  to  the  antenna  parameters  i.  e.  : 

• Electronic  step  - scan  in  azimuth  to  eliminate  friction  wind 
resistance,  inertia,  and  single  point  failure  problems  of 
rotary  joints  (bearing  seizure)  while  maximizing  beam  time- 
on-target. 
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• Electronic  beam  forming  in  elevation  to  permit  maximum  aperture 
efficiency  at  all  elevation  angles.  A 7 ft,  high  elevation  aperture 
has  been  selected  requiring  6 beams  at  L-Band  and  L beams  at 
UMF  to  cover  0 to  45  degrees.  More  beams  at  L-Band  would 
produce  excessive  processing  requirements  and  more  beams  at 
UMF  are  unnecessary  and  undesirable  unless  height  information 
is  required. 

On  transmit  the  pulse  is  sequentially  'machine-gunned'  into  each  beam. 

On  receive  all  beams  are  processed  simultaneously  also  maximizing  beam  time- 
on-target.  The  resulting  systems  configuration  options  from  the  above  'degrees' 
of  freedom  are  identified  below. 

Single  Frame 

A single  frame  scan  permits  all  elevation  beams  to  be  searched  on  each 
azimuth  scan.  If  all  elevation  beams  are  simultaneously  instrumented,  then  a 
good  frame  time  (3.6  sec.  for  16  pulses  on  target),  and  subsequent  track  initiation 
time  ( 14.  4 sec)  can  be  achieved  (See  Table  1.  L.  Z-L).  However,  this  type  of 
single  frame  scan  leads  to  a higher  duty  cycle  (^4%  L-Band,  1.4  % UHF)  with 
consequent  higher  power  consumption.  It  also  requires  more  hardware  in  that  a 
separate  receiver  and  signal  processor  channel  is  needed  per  beam.  This  amounts 
to  6 channels  at  L-Band  and  2 for  UHF. 

An  alternative  form  of  single  frame  scan  occurs  when  only  half  the  number 
of  beams  are  simultaneously  instrumented.  The  two  groups  of  beams  are  searched 
in  sequence,  but  still  on  the  same  scan.  Half  of  the  receiver  and  signal  processor 
channels  are  saved  (relative  to  the  fully  instrumented  single  frame  scan);  however, 
the  frame  and  track  initiation  times  are  also  doubled  to7.  2 and  28.  8 sec,  respec- 
tively. This  frame  time  can  be  reduced  by  using  a smaller  number  of  pulses  in 
each  beam  position,  however,  the  full  advantages  of  either  frequency  agility  or  8 
pulse  coherent  integration  must  be  given  up.  This  is  considered  an  undesirable 
option. 

The  single  frame  system  has  an  intrinsic  appeal  as  it  represents  the  most 
straightforward  and  least  complex  of  all  scan  structures.  The  radar  scan  is  not 
required  to  'adapt'  to  the  motions  of  the  target.  This  scan  type,  also  possesses 
the  advantage  of  covering  the  complete  surveillance  volume  each  scan. 
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It  is  difficult  to  satisfy  all  requirements  (low  frame  time,  low  power  con- 
sumption, low  complexity)  simultaneously  at  L-Dand  with  a single  frame  scan 
where  six  elevation  beams  are  required  to  fill  the  search  volume  for  the  30  NM, 

1 square  meter  cross-section  target.  These  requirements  can  be  met  at  UHF 
where  only  two  elevation  beams  are  needed  to  implement  a single  scan  system 
with  a 4 second  frame  rate. 

Split  Frame 

The  split  frame  scan  was  conceived  to  provide  further  options  to  the  frame 
timeAiardware  complexity  dilemma  at  L-Band.  This  scan  type  was  chosen  as 
the  baseline  system  as  it  appeared  to  offer  the  simultaneous  advantages  of  less 
hardware  (3  receiver /processor  channels),  good  track  initiation  rate  (16.6  seconds), 
and  less  power  consumption.  In  brief,  a split-frame  scan  searches  one  half  of 
the  elevation  volume  on  each  scan  and  the  remaining  half  on  the  succeeding  scan. 

If  a target  is  found  on  a particular  beam  on  a scan,  that  group  of  elevation  beams 
is  revisited  for  the  next  3 scans  on  the  same  azimuth  beam.  The  frame  time  is 
7.  I seconds  but  the  average  track  initiation  time  is  16.  2 seconds. 

The  disadvantages  of  a split-frame  are  the  decreased  surveillance  up>date 
rate  and  the  additional  control  complexity  required  in  moving  beams  in  response 
to  previous  target  detections.  In  addition,  a penalty  of  about  0.4  dB  is  extracted 
due  to  higher  false  alarm  threshold  requirements. 

The  useofa  split-frame  is  more  attractive  at  L-Band  because  of  the  6 
channels  involved.  Three  receiver/processor  channels  can  be  saved  while  the 
two  beam  UHF  system  will  only  save  one  channel  at  the  expense  of  twice  the 
frame  rate. 

Fence /Bowl 

A minimum  energy  system  can  be  constructed  if  the  concept  of  a "tripwire" 
system  is  applied  literally.  Fence/Bowl  configuration  permits  all  elevation  beams 
to  be  searched  each  scan  but  only  at  predetermined  range  intervals.  The  advan- 
tage is  reduction  in  receiver  channels  and  signal  processor  memory.  Additional 
data  processing  logic  can  be  used  to  maintain  update  on  target  in  track,  however 
targets  entering  the  coverage  from  above  the  predetermined  1 sq/meter  target 
track  initiation  fence  and  tracked  targets  entering  the  cone-of-silence  would  be 
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difficult  to  pick-upuntil  they  penetrate  the  1 sq/meter  target  track  initiation  fence 
again.  This  is  likely  to  prevent  two  minutes  of  track  time  on  a high  speed  target. 

Even  more  than  the  split-frame,  the  use  of  a fence/bowl  concept  is  more 
suited  to  L-Band  than  UHF.  A minimum  of  about  110  NM  of  range  gates  must  be 
searched  per  azimuth  beam  position  for  an  L-Band  fence/bowl  as  opposed  to  360 
NM  for  a fully  instrumented  single  frame  scan.  This  can  be  accomplished  with 
one  receiver  channel  at  a frame  time  of  6.  8 seconds  or  two  receivers  at  a frame 
rate  of  3.6  seconds.  The  difference  at  UHF  is  about  60  NM  in  range  gates  for  a 
fence/bowl  as  opposed  to  120  NM  for  a fully  instrumented,  two  beam,  configuration. 

The  primary  disadvantage  of  the  fence/bowl  is  the  absence  of  full  volume 
search.  Apart  from  the  frame  time  increase  suffered  if  a single  receiver  concept 
is  used  the  lack  of  a full  range  'bowl'  on  the  low  beam  will  prevent  the  mainten- 
ance helicopter  from  being  acquired  on  departure  from  the  visited  site  until  the 
30  NMI  fence  is  reached.  This  may  be  undesirable  for  safety  reasons  and  may 
dictate  that  a 2 receiver  fence/full  range  bowl  is  the  minimum  system  configuration 
acceptable.  In  this  case  the  U.  H.  F.  fence/bowl  would  offer  little  significant  hard- 
ware advantage  over  a full  volume  single  scan  configuration  at  U.  H.  F. 

2.9.4  ELEVATION  PLANE  FOCAL  STEPS 

The  number  of  elevation  plane  focal  steps  determines  the  number  of  parallel 
azimuth  steering  networks  required.  As  it  is  desirable  to  minimize  the  number  . 
of  such  networks  from  cost  and  power  consumption  considerations,  it  was  attempted 
to  utilize  one  network  for  every  pair  of  beams  by  focussing  between  them.  This 
turned  out  to  be  feasible;  however,  a substantial  focussing  loss  resulted  at  high 
elevation  angles  particularly  at  L-Band. 

The  choice  between  the  reduced  performance  at  high  elevation  angles  with 
the  decreased  cost  and  a higher  performance /higher  cost  system  must  depend  on 
the  degree  of  strictness  with  which  the  goals  set  forth  in  the  SOW  are  to  be  inter- 
preted. 

This  appears  to  be  more  of  an  issue  at  L-Band  as  the  cost  difference  between 
6 and  3 networks  is  considerable.  At  UHF,  the  choice  is  between  a 1 or  2 focal 
plane  network  and  the  overall  system  cost  impact  is  reduced  accordingly. 
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2.  9.  5 TRANSMITTER  PULSE  LENGTH 

This  p.-irameter  is  one  of  the  most  potentially  significant  differences  between 
UKF  and  L-Band.  At  L-Band  it  is  estimated  that  for  a constant  10  the  signal 

processor  CFAR  threshold  must  be  10  dB  higher  if  only  3 as  opposed  to  15  samples 
of  weather  data  are  available.  The  question  as  to  how  many  samples  are  available 
,s  a function  of  the  size  of  the  weather  cell  and  the  transmitter  pulse  length.  If 
weather  cells  are  approximately  1 nmi  in  depth  a 6 microsecond  pulse  would 
require  a 10  dB  increase  in  CFAR  threshold  as  opposed  to  a 1.5  microsecond 
pulse.  At  UHF  backscatter  from  weather  is  diminished  to  a point  where  a 6 micro 
second  pulse  is  more  than  adequate  to  ensure  minimum  CFAR  thresholds.  The 
major  impact  of  a 1.5  microsecond  transmit  pulse  at  L-Band  is  to  increase  the 
signal  processor  size,  power  requirements  and  failure  rate. 

Some  portions  of  the  DEW  LINE  are  virtual  deserts  and  intense  storms 
rarely  occur.  Other  regions,  particularly  in  Alaska,  however,  do  experience 
such  storms  and  appropriate  CFAR  measures  should  be  taken  to  prevent  exces- 
sive false  reporting. 


The  issue  of  pulse  length  for  operation  at  L-Band  requires  much  more 
detailed  evaluation  before  any  final  conclusion  can  be  drawn.  The  tests  planned 
by  Lincoln  Laboratory  on  the  AN/Fre  ZO  radar  will  contribute  valuable  empirical 
data  in  this  regard. 


2.9.6  LOCATION  OF  TRSSM 

To  minimize  R.  F.  losses  the  TRSSM's  should  be  mounted  at  each  radiating 
stack  of  the  antenna.  However,  for  a 44  ft.  diameter  ring  array  there  are  256 
stacks  at  L-Band  and  128  at  UHF.  This  represents  a major  acquistion  and  repair 
cost  because  of  the  numbers  involved.  In  order  to  minimize  acquisition  and 
repair  costs  the  number  of  TRSSM's  should  be  reduced  to  that  required  to  form 
each  instantaneous  beam  position.  In  this  case  64  radiating  stacks  need  energizing 
at  l.-Band  and  32  at  UHF. 


This  can  be  achieved  by  'walking'  64  oi- 
led by  the  azimuth  steering  switches.  In  this 


12  modules  around  tlio  array  control- 
case  the  modules  are  located  behind 
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the  quadrant  switch  (Q  switch).  The  disarl vantaj>e  to  this  technique  is  that  increased 
power  is  required  from  each  module  because  of  switchirif/  .and  cable  insertion 
losses.  At  L-liand  this  loss  is  about  } il  and  at  IJFfP'  1.5  dB.  The  increased 
loss  at  L-Band  is  largely  due  to  the  higher  cable  losses  compared  to  UHK.  The 
increased  prime  power  required  to  overcome  these  losses  is  considered  a desir- 
able trade-off  in  life-cycle-cost. 

The  peak  power  required  forthe  L-Band  module  1 ocated  behind  the  Q switch 
is  3Z0  watts  for  a 1.  5 microsecond  pulse  and  80  watts  for  a 6 microsecond  pulse 
while  the  6 microsecond  pulse  at  UHF  requires  200  watts  peak.  The  decision  to 
place  the  TRSSM  either  at  the  antenna  or  behind  the  Q switch  depends  exclusively 
on  the  relative  cost  impact  on  the  system.  The  effect  on  cost  is  not  just  the 
acquisition  costs  of  the  modules  but  also  includes  additional  spares  and  mainten- 
ance costs  if  the  module  is  more  complex  and  thus  less  reliable.  A higher  failure 
rate  module  would  also  require  a higher  level  of  redundancy  in  other  parts  of  the 
system  to  meet  a specified  survival  time  with  a stated  prob.'ibility . 

Table  2.  3.  2-2  compares  several  TR.SSM  configurations  in  terms  of  TRSSM 
production  costs,  failure  rate  and  estimated  impact  on  repair  costs  during  the 
20  year  Operations  and  Support  phase.  Figures  2.  3.  2-3  through  2.  3.  2-8  shows 
simplified  block  diagrams  for  each  configuration.  The  relative  complexity  of 
the  modules  is  evident. 

2.  9.  7 SIGNAL  PROCESSING  TECHNIQUES 

The  clutter  model  provided  in  the  statement  of  work  requires  spectral 
filtering  to  preserve  an  acceptable  level  of  false  alarms.  The  general  choice 
lies  between  MTI  or  MTD,  The  distinction  is  that  theMTI  has  a single  bandpass 
after  clutter  filtering  while  the  MTD  has  banks  of  contiguous  filters.  The  MTI  is 
obviously  the  simplest  mechanism  with  resultant  savings  in  number  of  components, 
failure  rate  and  cost.  However,  the  MTI  with  non-coherent  integration  haae»-2dB 
gain  loss  over  8 pulses  compared  to  the  coherently  integrated  MTD.  This  state- 
ment assumes  that  frequency  agility  is  still  applied  every  8 pulses  to  reduce 
fluctuaion  loss. 

It  is  desirable  that  coherent  integration  be  used  to  minimize  the  system 
prime  power  consumption  for  a given  detection  sensitivity  providing  the  additional 
hardware  complexity  does  not  produce  excessive  powe-  consumption,  failure 
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ratrs  and  cost. 


This  latter  criteria  depends  on  pulsewidth,  and  number  of  channels  to  be 
p r oc  e s s ed . 

L-Rand  systems  Ivii  ve  the  most  demanding  processing  load  due  to  the  6 beam 
configuration.  Further  the  lack  of  circular  polarization  from  the  antenna  makes 
processing  of  the  upper  beams  highly  desirable  to  provide  a degree  of  subweather 
visibility.  As  can  be  seen  from  Table  2,7.6-!  many  of  the  L-Band  configurations 
particularly  with  1.  5 microsecond  pulses  will  more  than  swamp  the  prime  power 
reduction  due  to  a 2 dB  sensitivity  improvement  making  MTD  processing  question- 
able with  presently  available  technology.  However,  the  UHF  configurations  with 
6 microsecond  pulses  and  two  channel  (beam)  processing  permit  the  necessary 
reductions  in  MTD  hardware  complement  that  make  coherent  processing  highly 
desirable.  The  only  L-Band  configuration  to  permit  the  same  MTD  hardware 
complement  is  the  fence/bowl  scan  structure. 

2.  9.  8 POWER  APERTURE  CONSIDERATIONS 

As  can  be  seen  from  Section  2.  1 a 44  ft.  diameter  by  7 ft.  ring  array  was 
selected  as  the  antenna  configuration  for  both  UHF  and  L-Band.  In  terms  of 
power/aperture  the  L-Band  system  has  a 3 dB  advantage,  while  UHF  has  a 2 fold 
increase  in  frequency  diversity  to  reduce  fluctuation  losses  and  a 2 fold  increase 
in  the  number  of  coherent  processing  intervals  (CPI)  to  increase  the  signal  pro- 
cessing gain.  The  net  result  was  that  similar  average  power  per  system  is 
required  on  the  assumption  th.'it  theTRSSM's  are  located  at  the  radiating  stack. 

However,  at  L-Band  256  radiating  stacks  were  required  while  at  UHF  only 
128  are  needed.  This  immediately  provided  a cost  advantage  in  favor  of  UHF. 

This  advantage  was  further  compounded  when  the  bi  nefits  of  locating  the  TRSSM's 
behind  the  Q switch  were  explored. 

• The  higher  co-axial  cable  losses  (3  dB  two  way)  at  L-Band  provided  a 
1.  5 dB  advantage  for  UHF  when  the  TRSSM's  are  located  behind  the 
quadrant  switch.  The  magnitude  of  this  difference  is  determined  by 
the  lengths  of  cable  involved,  therefore  the  larger  ring  array  diameter 
the  more  advantage  for  UHF. 
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• Mounting  the  TRSSM's  behind  the  quadrant  switch  required  the  module 
peak  power  to  be  increased  to  overcome  the  additional  losses.  The 
impact  of  this  increase  can  be  seen  from  Table  2.  3.  2-2  in  which  resulting 
the  acquistion  costs,  failure  rates  and  repair  costs  are  tabulated  showing 
an  increasing  advantage  for  UHF  primarily  because  component  state-of-the- 
art  permits  less  complexity  lor  higher  peak  powers  than  L-Band.  This 
is  (ja  rticula  rly  true  if  a l.S  microsecond  pulse  is  used  at  L-Band. 

Based  on  the  above  considerations  it  would  appear  much  of  L-Band's  problem 
rests  with  the  number  of  stacks  in  the  antenna  and  the  diameter  of  the  ring  array. 

An  L-Band  antenna  with  128  radiating  stacks  would  be  approximately  22  ft. 
in  diameter  and  have  an  azimuth  beamwidth  of  2.  8 degrees.  The  aperture-gain 
product  of  this  antenna  would  be  reduced  by  6 dB  while  the  2 fold  increase  in 
frequency  diversity  and  CPI's  would  recover  4 dB  making  a total  system  gain 
reduction  of  2 dB  over  the  equivalent  L-Band  system  with  a 44  ft.  diameter  array. 

If  we  evoke  the  same  logic  to  locate  the  modules  behind  a Q switch  the  number  of 
switches  involved  is  the  same  as  for  the  44  ft.  diameter  UHF  array  and  the  re- 
duced cable  run  length  will  help  compensate  for  the  higher  cable  losses  at  L-Band. 
The  overall  R.  F.  power  increase  required  at  L-Band  for  a 22  ft,  diameter  array 
with  the  modules  located  at  the  Q switch  compared  to  L-Band  modules  located  in 
the  same  position  in  a 44  diameter  array,  is  approximately  0.  5 dB.  As  half  the 
number  of  L-Band  modules  are  used  compared  to  the  44  ft.  diameter  array  equiv- 
alent, this  requires  a module  with  720  watts  peak  power  for  1.  5 microsecond 
pulses  and  180  watts  peak  for  b microsecond  pulses.  This  higher  L-Band  peak 
power  level  requires  a still  more  ccmplex  TRSSM  module  with  attendant  increases 
in  cost,  failure  rate  and  power  consumption  compared  to  the  UHF  modules  shown 
in  Table  2.  3.  2-2. 

Based  on  preliminary  coat  and  performance  analysis  of  a L-Band  fence/ 
bowl  using  a 22  ft.  diameter  by  7 ft.  high  ring  array  and; 

s 6 microsecond  pulsewidth 

• 180  watt  peak  power  modules  (35  total)  mounted  behind  the 
Q switch 

• 2 receiving  systems  to  permit  a full  range  bowl  (see  Section  2,9.3) 
the  resulting  L.  C.  C.  compared  to  a UHF  2 beam  single  frame  scan  (configura  ion 
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49)  are  1 5"/o  higher  using  the  cost  model  of  Section  2.  8.  2 and  power  consumption 
is  3 dB  more.  For  the  same  L-Band  system  with  1.  5 microsecond  pulse  width 
the  L.C.C.  IS  24%  higher  than  configuration  49. 

I,  9.  9 technology  CONSIDERATIONS 

This  study  has  been  conducted  with  emphasis  on  minimizing  the  technology 
risks.  This  is  considered  consistent  with  the  direction  in  the  Statement-of-Work 
to  limit  hardware  to  that  realizable  in  the  1980  time  frame.  However  as  can  be 
seen  from  the  proposed  program  milestones  (Figure  2.  8-2)  the  first  production 
system  will  not  appear  until  1983.  In  the  light  of  this  timetable  it  is  desirable  to 
review  the  technology  assumed  in  the  study  and  comment  on  possible  improve- 
ments in  the  near  future. 

Antenna  Technology 

The  basic  technology  assumed  for  the  antenna  is  shown  in  Figure  2.2.  3-2. 
This  technology  is  presently  under  development  at  Raytheon  and  will  be  directly 
applicable  to  the  proposed  radars.  It  is  considered  unlikely  that  a more  cost- 
effective  technology  will  evolve  in  the  near  future.  Therefore  this  technology 
area  is  considered  well  within  state-of-the-art. 

Beam  .Steering  Switches 

These  switches  are  well  within  state-of-the-art.  However,  they  are  also 
relatively  expensive  at  present  due  to  the  broadband  characteristics  that  com- 
ponent vendors  have  opted  to  produce.  A cost-reduction  program  is  required  to 
match  the  performance  requirements  for  the  radar  to  a minimal  cost  solution. 
Raytheon  has  performed  similar  performance/cost  matching  in  other  radar 
systems  with  encouraging  results. 

Azimuth  Steering 

The  baseline  system  uses  a dielectric  lens.  Raytheon  is  confident  that  such 
a device  is  well  within  state-of-the-art.  A more  pertinent  question  in  this  area 
is  w,  bother  the  lens  is  the  most  cost-effective  solution  to  the  azimuth  plane  focus- 
sing requirement.  It  is  intended  to  evaluate  differential  length  cable  networks  as 
an  ilternative.  Use  of  alternatives  will  be  based  solely  on  cost. 
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T ransmit/ Receive  Motlules 

Raytheon  is  deeply  involved  in  both  UHF  and  L-Band  module  development 
and  therefore  well  aware  of  the  present  and  near  term  potential  of  this  technology. 
The  proposed  modules  are  considered  well  within  state-of-the-art.  Future  efforts 
in  this  area  should  be  directed  at  cost- reduction  rather  than  performance  improve- 
ment. 

Receiver/  Exciter 

This  is  one  of  two  areas  where  technology  improvements  are  desirable. 

The  designs  used  in  this  study  did  not  capitalize  on  the  full  range  of  analogue 
monolithic  1.  C.  's  that  are  becoming  available.  It  is  intended  to  study  increased 
applications  of  L.  S.l.  to  the  receiver /exciter  in  the  coming  year. 

Signal/Data  Processor 

This  is  the  other  area  where  component  technology  improvements  are 
desirable  particularly  from  a power  consumption  viewpoint.  The  technology 
assumed  for  the  signal/data  processor  is  a programmable  microprocessor  using 
I^Land  SOS/CMOS  technology. 

While  the  programmable  element  is  highly  desirable  as  a fault  tolerant 

2 

building  block,  the  power  consumption  using  I L and  SOS/CMOS  is  still  undesir- 
ably high.  Charge  Coupled  Devices  (CCD)  hold  promise  of  dramatic  reduction-s 
in  complexity  and  power  consumption.  It  is  intended  to  evaluate  CCD's  further 
in  the  coming  year. 

2.9.10  FAILURE  THRESHOLDS  REVISITED 

As  can  be  seen  from  the  reliability  mcxlel  (Section  2.  6.  2)  the  definition  of 
what  constitutes  a system  failure  is  perhaps  the  highest  risk  element  in  the 
ultimate  realization  of  a radar  designed  to  minimize  system  cost-of-ownership. 
This  is  because  of  the  sensitive  balance  required  between  inherent  hardware 
complement  of  the  radar  p>articularly  for  redundancy  purposes  and  the  frequency 
with  which  repair  visits  are  required.  More  redundancy  will  permit  extended 
periods  of  unattended  operation  but  will  also  require  higher  acquisition  and  repair 
costs.  The  cost-effective  realization  of  an  operational  system  of  unattended 
radars  particularly  in  a network  of  radars  with  overlapping  coverage  will  depend 
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to  a lar^e  extent  on  the  data  availability  required  and  the  downtime  permissable 
at  any  radar.  This  issue  has  to  be  ignored  in  the  present  study  because  of  the 
reliability  design  requirements  specified  in  the  contract  statement-of-work  (SOW). 
Similarly.  theS.  O.  W.  permitted  a dB  system  degradation.  This  was  modeled 
(Section  1.  6.  L)  to  permit  a total  coverage  volume  reduction  equal  to  that  resulting 
from  a ^ dB  drop  in  transmitter  power.  However,  a conservative  interpretation 
of  the  i.  (IB  degradation  w.is  used  in  the  po>^  e r budget  « stimations.  In  this  case 
tile  It.  f.  power  eomputeil  lor  ea»  h system  v onf igu r.il ion  provides  a 2.  dM  margin 
so  that  the  degraded  system  still  meets  the  equivalent  volume  of  an  'all-up'  system 
specifically  tailored  to  the  detection  requiremer*'  oi  the  SOW.  If  the  Z dB  degra- 
dation had  been  taken  starting  from  a system  just  satisfying  the  detection  require- 
ments a drop  in  module  peak  power  would  result.  However,  given  the  conceptual 
nature  of  the  radar  design  and  the  occurrence  with  which  dB's  are  lost  in  the 
translation  to  hardware,  the  conservative  interpretation  of  I dB  degradation  was 
considered  more  realistic. 

,>.9.11  SYSTEM  LEVEL  COMPARISONS 

The  following  table  summarizes  the  salient  cost  and  performance  character- 
istics of  selected  L-Band  and  UHF  configurations.  It  can  be  seen  that  if  mini- 
mum power  consumption  with  good  performance  at  a reasonable  cost  is  desired 
configuration  49  is  very  attractive.  Configuration  49E  has  been  included  to 
establish  the  impact  of  designing  in  features  specifically  for  ECCM.  These 
features  do  not  include  those  considered  undesirably  complex  as  identified  in 
Section  L.  7.  3.  The  nearest  minimum  power  and  cost  L-Band  configuration  is 
number  3S  with  a 2 receiver  fence/full  range  bowl  scan  structure  and  6 micro- 
second pulses.  The  primary  advantage  of  L-Band  is  the  ability  to  grow  to  3D 
operation  although  not  without  additional  processing  complexity.  This  configuration 
assumes  a 6 microsecond  pulse  is  acceptable  at  L-Band  - an  assumption  that  is 
in  question.  As  previously  identified  in  Section  2.9.8  a reduced  cost  L-Band  fence/ 
bowl  is  possible  using  a 22  ft.  ring  array  but  only  at  the  expense  of  3 dB  more 
prime  power.  If  growth  to  3D  is  an  important  issue  this  configuration  would  be 

prefe  r r ed . 
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Configuration  Trade-Offs 
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Total  316  286  386  231  264  172  154  2 10 

F = Fair  (below  goals)  G “ Good  (meets  goals)  E = Excellent  (exceeds  goals) 


2.  10  CONCLUSIONS 


A family  of  unattended  radars  has  been  studied  for  application  on  the 
DPAVLINF.  These  radars  were  designed  for  operation  at  both  UHF  and  L-band. 
There  is  no  one  configuration  that  stands  out  as  a recommended  solution  for  the 
DEWLINE  application.  This  is  particularly  true  in  the  case  of  small  targets 
(1  sq  meter)  at  low  altitudes  (•^500  ft).  Selection  of  the  operating  frequency  for 
the  DEWLINE  will  only  be  possible  when  a better  definition  of  cumulative 
detection  including  duration  and  number  of  continuous  track  periods  for  specific 
targets  are  established.  This  latter  issue  will  also  determine  the  need  for 
360  degree  azimuth  coverage. 

The  UlIF  variants  of  the  radar  family  am  less  I'xponsive  than  the  nearest 
L-band  equivalent.  For  this  reason  UllF  is  very  attractive.  However  UHF  has 
relatively  few  ECCM  features  and  virtually  no  growth  potential  to  3D  operation. 

A design  goal  of  500  watts  prime  power  for  the  radar/operation  was 
established  at  the  study  outset.  This  requirement  became  the  driving  influence 
in  the  system  design.  In  retrospect  this  prime  power  constraint  was  a good 
influence  in  that  tlu-  resulting  radar  configuration  contained  the  features  needed 
for  very  high  reliability,  such  as  parallelism,  and  minimum  parts  count.  Very 
low  power  is  considered  fundamental  to  the  ultimate  realization  of  unattended 
radar  systems;  An  unattended  radar  cannot  function  without  an  unattended  power 
source.  The  lowi-r  the  power  demanded,  the  more  viable  the  rtialization  of  a 
highly  reliable  power  source.  Minimum  power  dissipation  in  the  radar  is  con- 
sist«'nt  with  maximum  reliability.  The  more  internal  heat  generated  by  a com- 
ponent the  higher  the  failure  rate.  The  actual  goal  of  500  watts  may  be  achiev- 
able at  UHF  but  not  L-band.  It  is  considered  more  realistic  to  increase  the 
available  prime  for  any  operational  system  to  at  least  1000  watts.  If  L-band 
configurations  with  1.5  microsecond  transmit  pulses  are  ultimately  required 
to  satisfy  mission  requirements,  1500-2000  watts  of  prime  power  will  be  needed. 

The  IFF  systimi  for  use  with  unattended  radars  is  also  shown  to  be  readily 
attainable  with  pr<jven  techniques.  Because  of  a proposed  mode  of  on-demand 
IFF  operation  for  Type  A radars  which  requires  IFF  interrogations  only  for 
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niw  or  firoppcd  tracks  and  the  predicted  low  aircraft  populations  at  DFiWLlNIC 
sites,  a 30:1  improvement  in  equipment  failure  rates  over  continuous  operation 
has  been  conservatively  estimated,  greatly  simplifying  IFF  reliability  and  power 
Consumption  demands. 

The  nature  of  the  IFF  mission,  the  modularity  and  small  physical  size  of 
the  equipment,  coupled  with  a proposed  near-dormancy  operational  mode,  make 
a highly  reliable  IFF  system  a much  simpler  proposition  than  the  primary  radar. 

Technology  is  potentially  available  to  build  radars  with  MTBF's  on  order 
of  magnitude  greater  than  that  exhibited  by  present  radar  systems.  Whether 
radars  with  >20,000  hours  MTBF  are  practical  or  even  necessary  depends  on 
the  commitments  ret|uiri-d  of  the  manufacture  for  his  emplaccrl  cq\iipment  and 

a detailed  understanding  with  the  customer  as  to  what  constitutes  a failure. 

A sensitive  balance  is  required  between  inherent  hardware  complement  of  th<- 
radar  particularly  for  redundancy  purposes  and  the  frequency  with  which  repair 
visits  are  required.  More  redundancy  will  permit  extended  periods  of  unattended 
operation  but  will  also  require  higher  acquisition  and  repair  costs.  The  cost- 
effective  realization  of  an  operational  system  of  unattended  radars  particularly 
in  a network  of  radars  with  overlapping  coverage  will  depend  to  a large  extent 
on  the  data  availability  required  and  the  downtime  permissable  at  any  radar. 

The  greatest  unknown,  and  therefore  risk  identified  in  the  study  is  the 
acceptability  of  the  reliability  model  assumptions.  These  assumptions  in  turn 
impact  the  redundancy  requirements  and  hence  the  cost  and  viability  of  radars 
for  extended  periods  of  unattended  operation. 


SECTION  3.0 
TY  PE  B RADAR  STUDY 


This  radar  is  defined  as  a 'minimally'  attended  3D/200  NMI  radar  with 
'minimal'  power  consumption  requirements.  Periods  for  90%  probability  of 
operational  success  are  2 weeks,  1 month  and  3 months.  As  with  the  Type  A 
radar  operational  success  permits  a '2  dB'  system  degradation. 

The  recommended  solution  for  the  Type  B system  is  an  L-Band,  mechani- 
cally rotated,  planar  array  which  uses  a shaped  beam  on  transmit  and  a stacked 
beam  on  receive.  A bootlace  lens  is  used  to  achieve  the  elevation  beam  forming 
and  shaping.  The  antenna  aperture  has  been  sized  to  fit  within  a 55  foot  radome. 
The  transmit  power  is  provided  by  a group  of  solid  state  modules. 

A number  of  Type  B system  candidates  were  examined  in  arriving  at  the 
above  choice.  These  alternatives  included  different  frequency  bands,  antenna 
scan  techniques  and  antenna  feeds.  The  rationale  by  which  these  alternate  solu- 
tions were  rejected  and  by  which  the  preferred  choice  evolved  are  summarized 
in  the  following  paragraphs. 

3.  1 IMPLICATIONS  OF  TYPE  A RADAR  CONFIGURATION 

The  question  that  must  first  be  addressed  is  whether  the  generalized 
system  design  guidelines  of  the  Type  A radar  (Figure  2.  3)  are  equally  appli- 
cable to  Type  B. 

The  Type  A design  guidelines  basically  evolved  from  the  unattended 
operational  requirement  of  the  system  and  were  driven  by  very  low  power  con- 
sumption, and  3 hour  repair  visits.  If  'minimally'  attended  is  interpreted  to 
mean  an  on-site  complement  of  not  more  than  1 maintenance  personnel,  the 
justification  for  loa  power  is  questioned  since  life  support  will  determine  the 
power  requirements  and  a 3 hour  repair  visit  is  no  longer  at  issue.  If  the 
requirement  of  unattended  operation  is  imposed  on  Type  B the  question  becomes 
whether  or  not  the  Type  A radar  configuration  is  technically  feasible  for  the 
Type  B application. 
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This  latter  question  can  most  easily  be  addressed  by  considering  the 
additional  system  gain  required  on  a 1 sq.  meter  target  at  200  NMI  as  opposed  to 
30  NMI.  In  this  case  an  additional  33  dB  of  gain  is  required.  This  additional 
gain  can  basically  be  achieved  in  two  ways: 

• Increase  in  transmitter  power 

• Increase  in  antenna  aperture. 

Increase  in  transmitter  power  can  be  achieved  by  either  increase  in  pulse  length 
and/or  peak  power.  Increasing  pulse  length  introduces  two  potential  com- 
plexities: 

1)  Pulse  compression  to  maintain  0.  5 NMI  range  resolution 

2)  Short  range  gap  filler  pulse  following  the  main  pulse  to 
meet  a minimum  range  requirement  (unstated). 

If  a minimum  range  requirement  of  5 NMI  is  assumed  (1  NMI  is  FAA  require- 
ment) then  the  time  available  for  transmission  is  62  microseconds.  Transmission 
of  pulses  longer  than  62  microseconds  will  require  additional  short  range  gap 
filler  pulses  to  ensure  a minimum  range  of  5 NMI. 

If  machine-gunning  of  the  transmitter  into  a set  of  stacked  elevation  beams 
is  attempted  as  in  the  case  of  the  Type  A,  the  question  becomes  how  many  beams 
are  involved  and  can  the  peak  power  generated  by  the  transmitter  into  each  beam 
prevent  the  need  for  pulse  compression  and  gap  filler  pulses.  The  number  of 
beams  required  is  a function  of  operating  frequency,  height  accuracy  and  low 
angle  tracking  requirements. 

3.  2 FREQUENCY  SELECTION 

The  only  goal  stated  in  the  SOW  is  a height  accuracy  of  + 2000  ft  at  100  NMI 
33  milliradians).  If  we  assumed  a practical  limit  of  15  times  for  reliable 
beam  splitting,  each  stacked  beam  should  not  exceed  2.  8 degrees.  This  requires 
7 beams  to  cover  from  0 to  20  degrees  in  elevation.  The  resulting  physical 
aperture  at  S,  L and  UHF  is  6 ft,  15  ft  and  45  ft,  respectively. 

It  should  be  noted  that  using  the  1/2  beamwidth  rule  for  simple  low  angle 
tracking  the  resulting  height  at  100  NMI  below  which  3D  accuracy  is  suspect  is 
about  22  kft  (including  the  effects  of  earth  curvature).  This  can  be  reduced  to 
about  12  kft  by  use  of  sophisticated  low  angle  tracking  techniques.  Any  further 
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improvement  in  low  anj^le  tracking  can  only  be  achieved  by  a narrower  elevation 
beamwidth  on  the  low  beam  which  while  not  necessarily  increasing  the  total 
number  of  beams  will  increase  the  physical  aperture  requirements. 

If  we  now  consider  the  practical  and  cost-effective  issues  of  the  Type  B 
system  it  is  obvious  that  only  S-Band  holds  promise  of  minimizing  the  physical 
size  of  the  antenna  while  achieving  acceptable  height  accuracy  and  low  angle 
tracking  accuracies.  However,  before  system  accuracies  can  be  claimed  a 
basic  detection  must  be  possible,  before  minimum  power  consumption  can  be 
claimed  R.  F.  power  generation  must  be  efficient,  and  before  unattended  opera- 
tion can  be  claimed  high  voltages  should  be  eliminated. 

S-Band  is  considered  undesirable  for  the  Type  B system  because  of: 

• Higher  clutter  backscatter  makes  detection  more  difficult 

• Higher  spectral  spread  from  weather  which  for  a 200  NMI 
radar  operating  with  unambiguous  P.  R.  F.  can  extend  over 
the  P.  R.  F.  doppler  interval 

• More  complex  antenna  in  that  circular  polarization  is  required 
to  combat  high  backscatter  and  spectral  spread  from  weather 

• Higher  insertion  losses  from  microwave  devices 

• Microwave  transistors  not  yet  practical  for  R.  F.  power 
generation  at  the  levels  required. 

• Generation  of  R.  F.  with  high  voltage  devices  required  making 
overall  power  efficiency  and  reliability  more  difficult  to  achieve. 

The  above  reasons  for  eliminating  S-Band  are  similar  to  those  for  the 
Type  A system;  however,  unlike  the  Type  A radar,  the  elevation  accuracy 
and  low  angle  tracking  issues  of  the  Type  B radar  make  the  required  minimum 
elevation  aperture  at  UHF  (45  ft)  too  large  for  practical  consideration.  There- 
fore L-Band  was  selected  as  the  preferred  frequency  choice  for  the  Type  B 
system. 

3.  3 SYSTEM  SCAN  TECHNIQUE 

A set  of  seven  stacked  beams  would  permit  a machine-gunned  pulse  width 
per  beam  of  approximately  9 microseconds  before  a gap  filler  pulse  became 
necessary.  The  peak  power  per  beam  position  assuming  a 44  ft  x 15  ft  high 
array  at  L-Band  is  750  kw.  This  translates  to  12  kw  peak  per  radiating  stack 
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assuming}  a 256  stack  antenna.  These  are  patently  impractical  requirements  per 
stack  given  the  state-of-the-art  in  solid-state  microwave  power  devices.  The 
only  recourse  is  to  increase  the  pulse  length,  and  compression  ratio  and  accept 
the  need  lor  the  added  complexity  of  a gap  filler  pulse. 

The  only  viable  ring  array  configuration  would  be  to  locate  the  transmitter 
behind  the  quadrant  switch  as  for  some  of  the  Type  A variants.  The  increased 
losses  (~  3 dB)  from  the  azimuth  steering  network  would  again  double  the  power 
of  the  transmitter  while  the  R.  F.  power  handling  requirements  for  the  azimuth 
steering  switches  make  the  technical  realization  of  a ring  array  configuration 
impractical  unless  a power  division  in  the  elevation  plane  is  made  prior  to  the 
distribution  in  the  azimuth  plane.  The  resulting  overall  complexities  make  a 
Type  A ring  array  configuration  impractical  for  a 200  NMI  radar.  The  preferred 
solution  is  a mechanically  rotated  planar  array  using  shaped  beam  on  transmit 
with  the  first  R.  F.  power  division  in  the  elevation  plane  via  a high  power  passive 
network  and  reception  via  multiple  stacked  beams. 

3.4  POWER /APERTURE  CONSIDERATIONS 

The  Bt.cked  beam  configuration  is  necessary  to  maximize  the  hits  per 
targ-'t  over  the  full  volume  coverage.  Two  considerations  apply: 

• The  more  pulses  available  to  form  the  clutter  filter  the  deeper  the 
rejection  notch. 

• The  more  pulses  available  the  more  transmit  frequency  changes  are 
possible  for  a given  clutter  rejection  notch  and  the  lower  the  target 
fluctuation  loss  if  post  detection  integration  (PDI)  is  employed. 

The  first  consideration  relates  only  to  system  improvement  factor  while 
the  latter  is  helpful  in  minimizing  transmitter  R.  F.  power  generation  require- 
ments. 

The  objective  of  minimizing  the  R.  F.  power  generation  requirements  for 
the  Type  B radar  is  very  important  if  a solid-state  transmitter  is  to  be  cost- 
effective.  Unlike  the  Type  A radar  where  the  minimum  number  of  solid-state 
transmitter  modules  was  determined  by  the  number  of  antenna  active  radiating 
stacks  and  not  limitations  in  state-of-the-art  component  technology,  the  number 
of  transmitter  modules  for  the  Type  B radar  is  very  dependent  on  component 
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technology  limitations.  This  limitation  will  result  in  an  increase  in  module  count 
and  hence  failure  rate.  Both  these  latter  issues  will  increase  cost-of-ownership. 

Apart  from  frequency  diversity / PDI  transmitter  power  reduction  can  be 
achieved  by: 

• Increasing  the  antenna  aperture 

• Minimizing  RF  transmission  line  insertion  losses 

Since  the  mechanically  rotating  antenna  requires  a separate  radome,  a reason- 
able maximum  diameter  for  the  radome  is  SS  ft.  A S5  ft.  diameter  radome  will 
accommodate  a 11  ft.  high  by  3Z  ft.  wide  planar  array.  At  L-Band  this  array 
produces  an  azimuth  beamwidth  of  1.4°  and  a full  aperture  elevation  beamwidth 
of  1.7°.  Assuming  the  total  elevation  coverage  is  0 to  20°  approximately  12 
elevation  beams  are  required  for  an  elemental  beamwidth  of  1.7°.  If  the  same 
vertical  stack  antenna  configuration  as  for  the  Type  A radar  is  used,  the 
elevation  network  would  require  a 12  x 70  matrix  - a clearly  impractical  re- 
quirement for  a Butler  or  Blass /Lopez  network.  The  only  viable  elevation 
network  in  this  instance  is  the  bootlace  lens. 

3.  5 PREFERRED  SYSTEM  CONFIGURATION 

The  selected  Type  B system  is  therefore  an  L-Band  stacked -elevation-beam - 
on-receive  (SEBOR)  and  shaped  beam  on  transmit  with  the  following  primary 
features: 

• 27  ft.  high  by  32  wide  planar  array  operating  inside  a 5S  ft.  radome. 

• Maximum  of  12  stacked  elevation  beams. 

• Air  dielectric  'bootlace'  lens  for  elevation  beam  forming. 

• Solid-state  transmitter 
3.  b UNRESOLVED  ISSUES 

Using  the  above  building  blocks  a detailed  cost/performance  sensitivity 
analysis  is  required  to  resolve  the  following  issues: 

• Should  the  antenna  be  totally  passive  or  should  transmit/receive 
modules  be  mounted  close  to  the  radiating  elements. 
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• Should  a range  ambiguous  P.  R.  F.  be  used  to  increase  the  number  of 
samples  available  for  post  detection  integration. 

• Is  a 3 pulse  integrate  and  dump  type  MTI  with  frequency  agility/PDI 
more  cost-effective  than  an  8 pulse  MTD  with  9 dB  more  coherent 
gain  but  3/8  less  samples  for  frequency  agility/PDI.  This  issue  is 
influenced  by  transmission  bandwidth  available  assuming  a minimum 
of  35  MHz  is  required  to  achieve  backscatter  frequency  decorrel- 
lation,  and  the  desirability  of  achieving  subweather  and  chaff  visibility. 

• What  is  the  minimum  number  of  receive/signal  processor  channels 

that  can  be  shared  between  the  stacked  pencil  beams  without  undesirable 
compromises  in  2D  and  3D  data  rates  or  increase  in  transmitter  power. 

The  system  configuration  combinations  resulting  from  permutating  all  the 
degrees -of-freedom  in  each  of  the  above  issues  results  in  an  overall  study  task 
at  least  equal  to  that  carried  out  for  the  Type  A radar.  In  accordance  with  the 
S.O.  W.  directions  the  major  effort  under  this  study  was  concentrated  on  the 
Type  A radar.  It  has  not  been  possible  within  the  time  constraints  of  this  study 
to  conclude  the  type  of  rigorous  trade-offs  needed  to  produce  the  same  overall 
cost/performance  visibility  as  for  the  Type  A radar.  Raytheon  intends  to  pursue 
the  3D  radar  configuration  trade-offs  in  the  coming  year. 
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APPENDIX  A 


SECONDARY  PATTERN  CALCULATIONS 
FOR  CIRCULAR  CYLINDRICAL  ARRAYS 


This  appendix  describes  a formulation  employed  for  calculating  approxi- 
mate secondary  antenna  patterns  for  a circular  cylindrical  array  configuratijn. 

Figure  Z.3.1-1  shows  the  array  element  geometry  with  certain  restrictions 
imposed.  The  elements  are  located  (M  per  horizontal  layer)  on  circular  rings 
(of  radius,  R)  at  equi-angular  spacings  (setting  the  angle  a = 360/M  degrees) 

such  that  colinear  vertical  stacks  (of  N elements  each)  are  formed  (with  an  equal 
spacing,  h,  between  the  elements). 

For  convenience,  the  (m,  n)-ordering  of  the  array  elements  was  taken  such 
that  the  element,  (m  = 1,  n = 1),  falls  in  the  xz-plane  along  the  positive 

x-axis  with  the  xyz -coordinate  origin  located  at  the  center  of  the  lowest 
circular  ring.  The  index,  n,  counts  off  rings  (or  layers)  proceeding  in 
the  positive  y-axis  direction.  The  inoex,  m,  then  counts  off  elements 
proceeding  away  from  the  positive  x-axis  toward  the  positive  z-axis. 

The  coordinates  of  the  array  elements  can  be  written 


(la) 
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R cos 

[ (m- 

n<-K  ] 

1 < 
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mn 
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mn 
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The  secondary  (power)  pattern  calculation  Is  always  made  either  in  an 
azimuth  plane  cut  (l.e.,  with  the  elevation  angle,  0,  held  constant 
and  the  azimuth  angle,  6,  varying)  or  in  an  elevation  plane  cut 
(l.e.,  with  9 held  constant  and  0 varying). 

Excitation  amplitudes  (In  voltage)  at  the  array  elements  are  taken 
to  be  of  a separable  product  form 

(2)  A “ (A  )(A  ) 

mn  ran 


A - 1 


whore  the  horizontal  ring  amplitude  distribution,  A is  restr Icted^such  that 
only  elements  within  a given  angular  sector  (typically  less  than  90  ) of  the 
circular  cylinder  will  be.  non-zero. 

Excitation  phases  (in  turns)  at  the  array  elements  are  taken  to  be 
of  a separable  additive  form 

(3)  ^ + fc 

tnn  m n n 

with 

(■4a)  (5  = (R/\)  cos  0 cos  [(m-1)  ia.  - 0 ] 

m o'-  p-' 

and 

(4b)  = (h/\)  (n-l)  [sin  0 + sin  0 ] 

n '•  o p-* 

where  the  angle,  0 , is  an  elevation  angle  iclected  to  optimize  certain  azimuth 
plane  focusing  behavior;  the  angle,  0 , is  an  elevation  angle  as  -^elated  with 
a desired  beam  pointing  direction;  thB  angle, W , is  an  azimuth  plane  angle 
associated  with  the  beam  pointing  direction;  aRd  ^ is  a tabular  input  of 
relative  phases  determined  by  previous  insight  should  a shaped  beam  elevation 
pattern  be  involved.  Note  that  the  vertical  amplitude  distribution,  A , would 
also  be  so  determined. 


The  radiation  pattern  of  the  array  elements  is  taken  as 
(5)  ^m^®’  ~ -^cos  q [e  - (m-DotjJ  ^ cos  t0^* 

where  the  constants,  q and  t,  are  typically  near  unity;  the  constants,  p and  s, 
as  exponents  taper  the.  element  voltage  pattern;  and  some  precaution  is  exercised 
to  correct  the  angular  factor,  [O  - (m-l)<x  ],  into  the  proper  range  for  m-vaiues 
passing  from  m = M to  m = (M  1 =)  1 . E is  made  zero  when  either  angular 
argument  is  gre.ater  than  90  . 


The  secondary  power  pattern  is  given  by 
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The  power  pattern  is  converted  to  dB  down  by 


(9)  P,„  = -10  log,_  (P/P  ^ ) 

dB  '*10  max 

where  ascertaining  the  value  of  P may  require  several  trial -and -error  calcu- 
lations at  spatial  points  surrounSfng  the  estimated  beam  pointing  direction. 

The  above  formulation  was  (FORTRAN)  progranmcd  for  use  with  time-sharing 
access  to  the  Raytheon  Bedford  computer. 
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APPENDIX  B 


KELIABILITY  PREDICTION  DATA 

The  approach  to  the  reliability  modeling  and  the  general  results  for  the 
Type  A radar  are  presented  in  Section  2.  6.  The  substantiating  details  are  pre- 
sented in  summary  form  in  this  appendix. 

A large  number  of  system  candidates  had  to  be  examined  in  detail  during  a 
short  time  period  (see  Section  2.  2.  2).  It  was  also  necessary  to  configure  candi- 
dates to  satisfy  different,  specific  reliability  requirements,  namely:  probabilities 
of  system  survival  for  3 months,  6 months  and  one  year.  The  reliability  analysis 
was  also  required  to  provide  inputs  to  the  life  cycle  cost  model,  as  the  individual 
equipment  reliabilities  determined  the  redundancy  required  to  meet  the  different 
survival  times.  The  redundancy  in  turn  affected  acquisition  costs  and  operations 
and  support  costs  (see  Section  2.  8,  Cost  Model). 

A computer  program  was  developed  during  the  study  to  facilitate  the  rapid 
and  accurate  computation  of  a large  number  of  variant  configurations.  This  model 
is  briefly  described  below.  The  computer  output  data  for  a number  of  candidate 
configurations  is  also  presented.  Finally,  a selected  detailed  reliability  estimate 
for  one  hardware  element  analyzed  is  shown  to  illustrate  the  depth  of  reliability 
analysis  practiced  in  this  program. 

B - 1 . Reliability  Computer  Program 

Complex  reliability  models  are  readily  described  and  solutions  to  system 
reliability  problems  are  quickly  obtained  using  an  interactive  compviter  program 
developetl  at  Raytheon  in  API,  langu.'ige. 

Input  data  consists  of  any  number  of  equipment  groups  in  the  system,  each 
group  being  defined  in  terms  of: 

• total  quantity  used  in  the  system 

• number  of  active  or  dormant  standby  elements  within  each  group 

• number  of  elements  within  each  group  permitted  to  fail  without 
failing  the  system 
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element  active  failure  rates 


• standby  dormancy  factors 

• computational  method  appropriate  for  exact  reliability  solution 

• time  intervals  of  interest 

Variations  of  input  data,  as  for  alternate  design  candidates,  may  be  easily 
exercised,  enabling  the  computer  to  aid  the  user  in  optimizing  the  choice  and  type 
of  equipment  needed  for  least  cost  system  solutions. 

The  versatility  of  the  program  lies  in  its  ability  to  treat  systems  containing 
harflware  groups  in  active  and  inactive  standby  conditions  simultaneously  as  well 
as  systems  with  non-zero  standby  failure  rates. 

The  computer  program  which  mechanizes  the  reliability  model  was  de- 
veloped independent  of  existing  computer  programs,  such  as  RELCOMP^^^ 
CARE^^\  ARIES^^^  and  others  which  address  a similar  problem.  The 

advantages  of  the  Raytheon  program  are  that  its  input  data  code  is  simpler  than 
most,  its  output  format  is  easily  assimulated,  it  has  a high  degree  of  generality 
and  it  is  both  fast  and  economical. 

Most  complex  systems  are  describable  as  a serial  string  of  hardware  groups. 
A group  can  be  composed  of  serial  equipment  or  it  can  be  partially  or  highly  re- 
dundant. The  individual  elements  of  the  Type  A radar  were  identified  according 
to  three  types  of  reliability  architecture: 

Case  (1):  Parallel  operation  of  n elements  with  m spares.  Failure  rates  of 
spares  are  non-zero  and  may  range  from  a fraction  of  active  failure 
rate,  as  with  dormant  operation,  to  the  full  active  failure  rate,  as  with 
active,  redundant  n-tuples  including  voters. 

Case  (2):  Parallel  operation  of  n elements  with  m spares  where  spares  have 
zero  failure  rate,  as  with  completely  inactive  standby  redundancy. 

Case  (3):  Simple,  serial  operation  of  elements  within  the  group. 

The  notation  used  to  input  data  into  the  compviter  program  has  the  form: 
N-S-M-F-D-C,  where 
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N is  the  number  of  parallel,  on-line  elements  within  a group 

S is  the  number  of  standby  spares 

M is  the  nuiTiber  allowed  to  fail  before  failing  the  group 

F is  the  failure  rate  of  an  active,  on-line  element  in  units  of  failures  per 
10^  hours 

D is  the  dormancy  factor  for  spares,  expressed  as  a decimal  fraction  in 
the  range  . 005  <'  D <■  1.  0 

f'  is  the  computational  algorithm  used  in  the  program  to  compute  the  group 
reliability. 

In  connection  with  parallel  elements,  the  use  of  a single  dormancy  factor, 

D,  within  any  one  group  limits  the  application  to  only  two  different  failure  rates 
within  the  group.  This  we  find  is  not  an  important  limitation  since  we  have  not 
had  to  itnpose  more  than  two  different  failure  rates  in  any  practical,  single 
parallel  group  of  elements  encountered  thus  far, 

C,  the  computational  algorithm,  is  designated  by  the  numbers  1 through  5, 
calling  up,  respectively,  reliability  calculations  based  on  transition  rates  from 
state-to- state,  the  binomial  process,  the  Poisson  process,  an  arbitrary  process 
or  one-shot  relative  frequency. 

As  an  example,  the  entry  code  150-0-10-5,  8-1. 0-2  describes  a group  con- 
sisting of  150  parallel  elements  with  no  provision  for  standby  spares  and  up  to 
10  elements  may  fail  before  the  group  fails.  Each  element  has  an  active  failure 
rate  of  5.  8 failures  per  10  hours,  the  dormancy  factor  is  1,  since  nothing  is 
dorttuint  within  the  group  and  the  binomial  reliability  function  will  be  used  to  com- 
pute th*>  reliability  valvie  when  the  appropriate  value  of  mission  time  is  entered 
into  the  program. 

As  another  example,  the  entry  code  1-1-1  -20.  5-.  5-1  describes  an  active 
on-line  unit  supported  by  a dormant  standby  spare.  The  failure  rate  of  the  active 
element  of  the  group  is  20.  5 failures  per  10  hours,  the  failure  rate  of  the  standby 
is  half  oi  that  and  equations  derived  from  the  state  transition  rate  process  will  be 
called  up  to  compute  the  group  reliability. 

The  program  proceeds  with  the  entries  for  all  groups  within  the  system.  If 
any  grovip  consists  of  redundant  subordinate  architecture,  there  is  provision 
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throunh  aljjorithni  4 to  make  the  appropriate  reliability  calculation  and  enter  it 
with  all  other  computed  group  reliabilities  so  that  the  final  system  product  of 
reliabilities  is  obtained. 

System  Computer  Run  Example 

The  program  and  the  input  data  are  given  in  APL  language  using  any  remote 
time- sharing  terminal.  Essentially,  what  the  computer  is  directed  to  do  is  to 
compute  group  reliabilities  at  times  of  interest  and  then  obtain  the  system  reli- 
abilities as  products  of  the  group  string  of  reliabilities.  This  will  be  made  more 
clear  by  modeling  the  configuration  of  Figure  B-1  through  the  data  entry 
codes  as  shown  in  Figure  B-2.  The  output,  formatted  for  time  periods  of  1/2,  1, 
3,  6 and  12  months  is  shown  in  Figure  B-3.  Interactive  editing  instructions  which 
alter  the  model  arc  shown  in  Figure  B-4  and  the  corresponding,  new  reliabilities 
are  computed  and  printed  out  as  shown  in  Figure  B-5.  Figure  B-6  is  a plot  of  the 
reliability  functions  for  an  original  system  configuration  (mod  0)  and  two  variants 
(mods  1 and  2). 

Machine  Instructions 

The  program  user  calls  the  program  out  of  the  library  with  the  appropriate 
code  and  gives  the  command  "ENTER".  The  machine  interrogates  the  user  for 
the  name  of  each  group  in  the  model  and  the  data  entry  code  which  describes  it. 

In  this  way,  the  input  data  matrix  is  built  row-by-row  until  the  model  is  complete. 

Along  with  the  data  entry  codes,  the  specific  time  periods  of  interest  must 
be  inputted.  The  present  program  accepts  up  to  five  arbitrary  times  so  that  the 
reliability  behavior  over  any  portion  of  a life  cycle  may  be  computed  and  analyzed. 

The  matrix  of  data  entries  may  be  callefi  up  at  the  command  "MODI  I."  (see 
Finure  B-2),  The  reliability  calculation  methods  are  assigned  at  the  time  of  data 
input  and  the  computed  group  and  system  reliability  outputs  are  printed  at  the 
command  "RFIPORT"  (see  Figure  B-3). 

Editing  changes  to  the  data  entry  code  may  be  undertaken  at  any  time  but 
must  be  followed  by  an  instruction  to  perform  a new  set  of  computations  for  the 
new  set  of  parameters  and  a new  report  results  to  complete  the  interaction  be- 
tween machine  and  user. 
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Figure  B-3.  System  Reliabilities  of  "MOD  0"  Printed  Out  in  Response  to  "REPORT 


o»-<'-''rooor4<rrv'<f'r-irstHr-ia)  o 

^c3C^«s•cDc^(>•ots^xu^T-^Is^vO'  n 
•O  UT  -O  O'  O.  CO  I>  fN  r i C3  00  to  n liT  'T 
00  lilO'O'O'O'O'O'CDO'O'O'O'O'O'O'  ro 


ooooooooooooooo  o 


XI 

c 


rtj 

n 

(V 

n 

O' 

^'4 

>0 

-•r 

03 

to 

M 

0 

O' 

t' 

-o 

N 

cs 

-c 

'O 

rs  r-4 

t'' 

Ci 

>0 

<r 

O' 

rj 

O' 

to 

Ch 

CO 

0- 

O' 

T 

a 

■0  03 

ri 

03 

CD 

m 

O' 

OT 

0 

Os 

0 

O' 

O' 

<T 

O'  Qs 

03 

Os 

tv 

1'' 

to 

CK 

O' 

O' 

0' 

O' 

Os 

0 

0 

0 Os 

Os 

0 

Os 

Os 

O' 

00 

00 

• 

« 

« 

« 

• 

• % 

* 

« 

« 

* 

* 

* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(A  Q 

o2 

oi  = 

n 

0 

QC  QC 

0 

c c 

O' 

0 

* 

•r^  'W 

♦ 

sO 

oc 

CO 

03 

c 

•H  ^ 

• 

rs 

• 

• 

2 U 

' • 

0 

f)  u 

U“)  • 

n 

LO 

n 

u ^ 

n 

'0 

rt 

0)  ' 

rj 

f*3 

cl  w 

0 

0 

0 .5 

0 

n 

n 

sC 

C4 

u ri 

VI 

4, 


I n 

n 


>0 

4. 


O CN 

^ ro  uT  00  ^ 


2s 


oc,*: 
c:  W 

'Xl  <T} 

• H 4-i 

•o  *« 

Q 

o % 


CO 


o 

'O 


C4 


o 

'O 

n 


O' 

ro 

<r 

O' 

O' 

0 

to 

sC  ^ 

<r 

L3 

n 

rt 

0 

Os 

•O' 

O' 

O' 

O' 

*^3 

fs. 

f's 

rv. 

r-i 

c\ 

uo 

O' 

Ds 

Os 

O' 

O' 

CO 

ro 

Os  bs 

ih 

O' 

O' 

O' 

rs 

uo 

O' 

Os 

O' 

O' 

O' 

O' 

O' 

CO 

O'  Os 

o* 

O' 

533 

■03 

03 

M 

O' 

O' 

O' 

Os 

O' 

Os 

Os 

> 

Os  O' 

O' 

O' 

CK 

O' 

O' 

O' 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 

0 0 

0 

0 

0 

o 

r^i 


O' 

0 

O' 

so 

O' 

O' 

ro 

0 0 

cs 

0 

0 

CD 

•0 

Os 

ro 

O' 

O' 

O' 

Os 

(33 

0 

O'  0 

11 

O' 

sO 

O' 

rs 

Os 

O' 

O' 

Os 

O' 

CO 

0 0 

O' 

O' 

>0 

•0 

UT 

to 

O' 

0 

Os 

cs 

O' 

cs 

O' 

O' 

O'  O' 

O' 

O' 

O' 

O' 

O' 

03 

O' 

O' 

O' 

Os 

O' 

Os 

O' 

O' 

O'  O' 

O' 

O' 

O' 

O' 

Ch 

O' 

0 

0 

0 

0 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0 

0 

0 

0 

O' 

UT 

O' 

Os 

O' 

0 

'0 

O' 

rs 

O' 

03 

O' 

0 

0 

<r 

fj 

CN 

•0 

O' 

Os 

Os 

O' 

O' 

0 

O' 

CD 

O' 

r< 

rt 

03 

M 

O' 

03 

Os 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

0 

03 

03 

rs  ■ 

M 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

Os 

O' 

O' 

O' 

O' 

O' 

Os 

O' 

O' 

O' 

O' 

O' 

O' 

Os 

O' 

O'* 

Os 

O' 

O' 

O' 

O' 

0 

O' 

O' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0. 

0 

0 

I 


CQ 


§0 


U4 


y 

A 

y 

U 

0 

A 

H 

a A 

0 0 U 

J 

U 

J 

t 

1 1 

1 1 1 

D 

J 

0 

M 

u 

K 

fl 

3 

H 

A 

X 

U 

3 

lit 

0 

a 

r- 

4 

H 

z 

LO 

u 

X 

0 

IT 

(j 

M 

h 

01 

N 

X 

H 

\ii 

J 

u 

X 

z 

H 

u 

U> 

u 

j 

<1; 

0 

It 

z 

0 

u 

H 

u 

3 

0 

M 

u 

0 

it 

0 

Ck 

0 

w 

C 

u. 

K 

> 

(L 

It 

iL 

it 

u 

4 

X 

-¥ 

0 

4 

M 

U 

I 

&. 

u; 

IL 

J 

u 

X 

X 

x 

> 

u 

> 

(J 

4 

u 

u 

u. 

h 

u 

c 

U 

u 

M 

2 

h 

0 

3* 

y 

A 

A 

h 

IL 

u 

J 

u 

it 

y 

4 

M 

C 

fi 

>■ 

H 

a 

A 

u 

K 

M 

VI 

Cl 

A 

Cl 

H 

Cl 

A 

8-8 


Figure  B-5.  New  System  Reliabilities  for  "MOD  I",  After  Changes 
to  "MOD  0". 


The  sifjnificant  instructions  and  their  interrelationship  are  shown  in  the 
flow  chart  of  Figure  B-7. 

rourniTi  Function  I) escriptions 

The  reliability  modeling  programs  written  in  APL  consist  of  the  following 
functions: 

1.  ENTER 

Routine  for  initializing  storage  areas  with  model  data.  Model  para- 
meters are  stored  in  IN  and  model  names  are  stored  in  LIST. 
Entries  include: 

- System  name  and  number  of  subsystems  (i.  e.  , groups) 

- Subsystem  names 

- Modeling  data  for  each  subsystem  in  form  of  entry  code 
N-S-M-F-D-C. 

2.  FROM 

Routine  for  checking  applicability  of  model  and  for  calling  analysis 
routines.  Results  are  stored  in  TB. 

3.  RAL 

Selects  analysis  routine  for  each  line  of  input  matrix  from  the 
following: 

- REL,  DAT;  Transition  rate  calculation 

- BIN;  Binomial  calculation 

- POI;  Poisson  calculation 

- MULT;  Emplacement  of  up  to  5 values  of  reliability  for  Tj.  . . T^ 
of  arbitrary  function. 

- CONST;  Emplacement  of  constant  reliability  value  for  one-shot 
relative  frequency. 

4.  CHECK 

Checks  appropriateness  of  model 

5.  MODEL 

Prints  model  in  form  of  subsystem  names  and  data  entry  matrix 
h,  REPORT 

Prints  results  of  reliability  computation  for  Tj...  T^. 
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The  functions  are  related  by  the  flow  charts  shown  in  Figures  B-7  and  B-8 
an<i  indicate  which  routines  are  called  by  previous  ones.  In  the  APL  operating 
environment,  the  functional  programs  and  subprograms  exist  in  a workspace  and 
are  activated  by  typing  in  their  names.  The  editing  routine  is  not  tagged  with  any 
name  and  recpiires  only  the  APL  instructions  to  be  supplied  by  the  user  during  the 
interactive  portion  of  the  session. 
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B-2.  Reliability  Data  Summary 

The  system  configurations  analyzed  in  depth  with  the  aid  of  the  computer 
program  rlescribed  in  the  precerling  section  are  listed  in  Table  B-l.  Table  B-l 
also  contains  an  irulex  to  the  reliability  data  for  each  case  which  is  reproduced  in 
'I'ables  B-2  through  B-lb.  Many  other  cases  were  analyzefi  dviring  the  course  of 
the  program;  those  cases  shown  represent  a final  subset  which  illustrate  the 
major  variants  and  the  leading  system  contenders. 
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igure  B-8.  Flow  Chart,  Supplementary  Programs 


No.  No.  S.  P.  Design  Results 

Matrix  No.*  Freq.  No.  TRSSM  Lenses  No.  Rcvrs.  Common.  El.  Time  (Months)  Table 
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B-3.  Reliability  Calculation  Example 

A typical  switch  circuit  from  the  azimuth  steerinfr  subsystem  is  shown  in 
Figure  8-9.  The  reliability  estimates  by  component  parts  is  shown  in  Table 
B-  17.  Failure  rates  were  taken  from  MIL-HDBK-Z  I 7B  with  modifying  factors 
as  described  in  Section  2.  7.  4(b). 

This  level  of  reliability  prediction  is  typical  of  the  reliability  analysis  per- 
formed on  this  study.  Reliability  values  for  most  of  the  baseline  field  replace- 
able units  were  generated  from  a parts  list.  In  a few  instances  where  a complete 
design  was  not  available.  The  type  and  quantity  of  parts  was  estimated. 

These  baseline  reliability  values  were  then  extrapolated  to  other  system 
configurations  as  appropriate. 


F'igure  B-9,  "C"  Level  Switch  Schematic 
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Table  B-17.  Heliability  Estimate:  "C"  Level  Switch  at  0°C 


Item 

Clock  Logic 

Buffer 

RES 

PIN  Diode 

Capacitors  (Etched) 

F’ilters  (FTched) 

RF’  Connector 

(Apportioned  1/4) 


1 

1 

2 

1 

3 

2 

1 

TOTAL: 


Total 
, 029 
. 0025 
. 0007 
. 075 
. 001 
. 001 
. 025 

. 134  X 10"^ 

■ 001 

, 135  X I0'^= 

circuit  failure  rate. 


■t  Substrate  + 25  Solder  Connections  = 
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Table  B-2.  Configuration  1,  3 Months 
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Table  H- Configuration  I,  6 Months 
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Table  B-5.  Configuration  36,  3 Months 
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APPENDIX  C-1 


TRACK  INITIATION  CRITERIA 


C.  1.  I SINGLE  FRAME  TRACK  INITIATION 


The  track  initiation  criterion  assumed  for  the  single  frame  scan  type  is 
that  the  target  be  detected  on  three  out  of  four  contiguous  scans.  The  same  false 
alarm  thr'^shold  is  used  on  all  scans.  These  track  initiation  assumption  also 
apply  to  the  fence/tracker  scan  type. 

The  track  initiation  criterion  is  that  the  target  be  detected  on  m out  of 
n (m/n)  scans,  where  n scans  is  a scan-set. 


'ss 


N 


D 


dt 


fa 


ft 


= number  of  scan-sets  per  second 
= number  of  elevation  cells 
= number  of  azimuth  cells 
= number  of  range  cells 
= number  of  doppler  cells 
= track-initiation  decision  rate 


f N.  N„  N„  N„ 
88  A E R D 


false  track-initiation  rate 
false  alarm  probability 
probability  of  false  track-initiation 


f 

f 


dt 


(2) 


For  the  same  false  alarm  probability  on  each  scan. 


Pft 

n 

= L 

i = m 

M ' *^fa 

- Pfa)"" 

(3) 

^fa 

= false 

alarm 

rate 

C-1-1 


r 

N 

‘^da 


= puls*'  repetition  rate 

= number  of  pulse  groups  integrated  non-coherently 
= number  of  pulses  integrated  coherently  in  each  group 
= alarm  decision  rate 


f 


fa 

P 


fa 


f N N N 
r R D E 


N N, 


(4) 


For  the  L-band  baseline  system, 
1 


f 


N, 


N, 


N 


R 


N, 


Hence : 


" TT  ^ 

= 256  Nj. 

= 3 N 

= 150 

= 8 


1150  Hz 
8 
2 


f N.  N_N„N^ 
dt  ss  A E R D 


= (•j^)(256)(3)(150)(8) 

= 57600 

The  requirement  for  false  track  initiation  rate  is, 
1 


f 


ft 


Hence, 

P 


3l00 


f 


Hz  = 1 per  hour 


ft 


"jrmWTVm  " 4.82x10-^ 
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With  m = 3 and  n = 4,  we  have 


and, 


Also, 


ft 


fa 


da 


= + 4pJ  (1  - P,  ) 

fa  fa  fa' 


-3 


= 1.  0645  X 1 0 


r R D E 
N 


_ (1150)(150)(8)(3) 

- (2)(8) 


= 258750  Hz 

The  false  alarm  rate  is  therefore 


f 


fa 


Now  let 
P 


TI 


Pdi 


= = (1.  0645  X 10'^)(258750) 

= 275.  44  Hz 

= probability  of  track-initiation 
= probability  of  detection  on  i^^  scan 


If  Pj.  = P,  for  i = 1,  2,  3 and  4,  then 
di  d 


TI 


For  P 


TI 


. p4  , 4p5  (1  - P^) 


95  we  find  that  P^  = . 9024. 


-3 


For  a Swerling  II  target  with  N = 2,  = 1.  0645  x 10  and  P^ 


the  detectability  factor  X is 
X = 12.  2dB 


(5) 


= , 9024 
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The  UHF  single  frame  configuration  has  the  same  parameter  definitions 
but  many  of  the  numerical  values  are  different,  namely: 


f 

s s 

= 

f = 1150 

r 

Na 

= 

128 

Nc  - 8 

= 

2 

N =5* 

Nr 

= 

150 

* Within  3.  5°  beamwidth 

Nd 

= 

8 

*^dt 

= 

f N N N N 
ss  ' a ‘ E R D 

= 

(■j^)  (128)(2)(150)(8) 

= 

19200 

^ft 

= 

1 

^ft  1 

1.44  X 10’® 

^ft 

f^^  " (3600)(19200)  ~ 

Hence, 

^da 

‘r  NrNdNj- 

NN^ 

= 

(1150)(150)(8)(2) 

(5)(8) 

= 

69000  Hz 

Pft 

= 

4 * " - P(a'  = 

1.  44  X 10'® 

Solving  for 

Pfa' 

Pfa 

= 

1. 534  X 10'^ 

^fa 

= 

fa  da 

= 

(1.  534  X 10‘^)(69000) 

= 

105.  8 Hz 

C-1-4 


For  = 0.  90Z4,  Pj.^  = 1.  534  x 10  N = 5 and  Swerling  Case  2 the 
detectability  factor  is 

X = 6.  8 dB 

C.  1.  2 TRACK  INITIATION  FOR  SPLIT  FRAME 

The  split  frame  system  scans  half  of  the  volume  on  each  scan.  If  a 
detection  is  made  on  one  scan,  then  the  same  elevation  region  is  revisited  on 
the  following  three  scans  in  the  same  azimuth  region.  The  false  alarm  thres- 
hold is  required  to  be  higher  on  the  first  scan  to  reduce  the  number  of  the  times 
that  the  scan  pattern  is  changed;  however  the  threshold  can  be  to  reduced  after 
the  first  scan  provided  that  the  one  per  hour  false  track  initiation  rate  is  not 
exceeded.  In  general  if  the  false  alarm  probabilities  are  different  on  each  scan, 
then  the  probability  of  false  track  initiation  is  given  by 


^ft  = 

^fal  ^fa2  ^fa3  ^fa4 

+ 

^fal  ^fa2  ^fa3  ‘ ^fa4^ 

+ 

Pfal  Pfa2  - Pfa3)  Pfa4 

+ 

Pfal  ■ Pfa2^  Pfa3  Pfa4 

t 

■ Pfal^  Pfa2  Pfa3  Pfa4 

(6) 

Assume  ~ 

Pp  Pfa2  ""  Pfa3  Pfa4  ^2 

Then 

Pft  = 

PjP2  + 3PjP2  (1  - P2)  = (1  - Pj)  P? 

= 

3P,p2  (1  - Pjl  t pI 

(7) 

For  a false  alarm  constraint  of  ten  per  scan  (2,  5 Hz),  P,  = 9.  66  x 

_9  ^ 

and,  Pjj  = 4.  82  X 10  for  a false  track  initiation  rate  of  1 per  hour. 

10-^ 

Solving  for  P^^ 

^2  = 

1.  68  X lO"^ 
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The  track  initiation  probability  is  given  by 


TI 


^d2^  ^ ^dZ 


(8) 


where 


-6. 


= detection  probability  on  scan  1 - 9.  66  x 10  ) 


d2 


= detection  probability  on  scans  2,  3,  and  4 (P£^  = 1.  68  x 10  ) 


For  = . 95  the  detectability  factor  X is  calculated; 

X = 12.  6dB 

C.  1.3  RANGE  WALK  LOSS 

A range  walk  loss  is  encountered  when  scan-to-scan  correlation  is 
employed  due  to  the  necessity  to  examine  additional  resolution  cells.  More 
cells  must  be  compared  because  the  target  moves  between  scans  and  the  target 
position  uncertainty  dictates  the  number  of  ceUs  which  must  be  examined.  A 
greater  chance  of  false  alarms  and  false  alarm  correlation  then  exists  and  the 
thresholds  must  generally  be  raised.  This  results  in  an  additional  loss  referred 
to  as  the  "range-walk"  loss. 

Using  the  general  equation  (6)  for  the  probability  of  false  track  (Pj^)* 
individual  false  alarm  rates  per  scan  can  be  estimated. 


fal 


P j = probability  of  either  a false  alarm  or  true  alarm  in  cell 


P,  + P, 
fa  ta 


where 


ta 


N. 


= target  detection  rate  = 


N. 


= number  of  targets 


Also, 


fa  2 


'<1  Pfa 
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where 

Kj  = number  of  cells  which  must  be  examined  given  detection 

on  first  scan. 

P*^  given  detection  of  scans  1 and  2 

p,  , = K~P,  given  detection  on  scan  1 and  no  detection  on  scan  2 

fi^3  2 fa  ” 

KjPj  given  no  detection  on  scan  1 and  detection  on  scan  2 

P = P # 

*^fa4  fa 

♦ Assumes  only  one  cell  needs  to  be  examined  for  correlation  given  two 
prior  detection. 


Then, 


= P.l  Pfa  + PfaZ  Pf.  <>  - Pf.’ 

^-1  Pfa2  ^fa3  ^fa4 


^al  ■ "fa2'  "fa3  " fa4  " 

* P.l  P?a  Pfa  ' 


Also, 


:5f.)(3)(150)(8) 


= 4.  3 X 10 


and  thus,  P^^  = P^^  + 4.  3 x 1 0 — P^^  , and 

Pft  = pL  •'l  * 

The  net  difference  between  this  expression  and  equation  (5)  is  approxi- 
mately, 

Pft  3 K,  . Kj 


The  walk  extent  parameters,  and  K^,  are  determined  by  the  velocity 
of  the  intruder.  For  a typical  intruder  of  about  1200  knot  velocity  at  45  degrees 
aspect  angle.  The  number  of  range  azimuth  cells  which  must  be  searched  is 
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about  7 after  a previous  detection  and  about  24  after  a missed  detection.  Assum- 
ing at  least  4g  acceleration  capability  in  the  target  aircraft,  all  doppler  bins 
must  be  searched;  thus 


Kj  = (7)(8)  = 56 
= (24)(8)  = 192 


Then, 


= 3.156)  f 192 

4 


The  relationship  between  and  is  approximately. 


3V  90  = 4.  48 


which  corresponds  to  an  additional  loss  of  approximately, 
6x  = 0.  5 dB 
C.  1.  4 CLUTTER  NOTCH  LOSS 


A loss  in  detectability  also  occurs  where  substantial  clutter  exists  as  one 
or  more  detections  may  fall  within  the  regions  about  the  blind  speed  where  in- 
sufficient clutter  improvement  exists.  Referring  to  the  clutter  improvement 
results  shown  in  Section  2.  7.  3,  the  spectrum  lost  for  an  FFT/combination  at 
UHF  is  that  corresponding  to  filters  0 and  1.  Thus  the  probability  of  a detection 
on  a single  batch  is 

P^{1/1)  = 3/4 

The  visibility  on  two  batches  is  either, 

P^(l/2)  = 2 P^(l/1)  (1  - P^(l/1))  = 0.  38 

P^(2/2)  = [p^(l/l)j2  = 0.  56 

where  P = probability  of  target  visibility  on  a single  batch. 

V 1 


I 
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I 


I 


I 

i 
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The*  probability  of  detection  on  the  first  scan  is  then, 
" P^(l/2)  P^^{l/2)  + P^(2/2)  P^^(2/2) 

Letting  P , = . 92 

“l 

Then, 

P (1/2)=  2=0.  7 

and 

P,  = 0.  38  (0.  7)  + 0.  56  (0.  92) 

cl 

= 0.  78 


The  probability  of  detection  on  the  second  scan  is. 


P 


d 


2 


(2/2),  given  detection  on  scan 
, given  no  detection 

1 


1 


as,  if  detection  occurs  on  the  first  scan,  it  is  assumed  that  the  blind  speed  can 
then  be  adjusted  to  uncover  the  target. 

Also, 


P,  = P,  (2/2)  = P =0.9 
^3  ‘^l  ^4 


The  probability  of  track  initiation  is  then  computed,  in  a manner  similar 
to  equation  (6)  and, 

P.j,j  = (0.  78)  (0.  92)^  + 3 (0.  78)  (0.  92)^  (0.  1) 

♦ 0.  22  (0.  78)  (0.  92)^  = 0.  951 

The  difference  between  a per  scan  detection  requirement  of  0.  92  and  0.  90 

_3 

(derived  in  Section  C.  1.  1)  for  P^^  = 1.  5 x 10  and  N = 5,  is  approximately 
0.4  dB.  This  is  the  additional  loss  which  occurs  in  those  cells  with  severe 
clutter. 
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APPENDIX  C-2 

SUB-CLUTTER  VISIBILITY  REQUIREMENTS 


C.  2.  1 LAND  CLUTTER 


Land  clutter  is  assumed  to  follow  a dB-normal  distribution.  A dB-normally 
distributed  random  variable  is  one  whose  dB-value  has  a normal  distribution. 

That  is,  the  clutter  back-scatter  coefficient,  a° , has  a dB-normal  distribution 
if  the  related  variable  w given  by 


w 


= 10  log  a° 


has  a probability  density  function  (pdf)  given  by 


p(w) 


1 


*^wdB 


2 


(1) 


(2) 


The  84th  oercentile  corresponds  to  one  of  the  normal  distribution  of 

the  dB  valve  of  the  reflectivity.  Since  this  is  10  dB  higher  than  the  median 
value  given  ia  the  Statement  of  Work,  *^wdB  ~ 

The  target  cross  section  for  a Swerling  I target  is 


where 

= average  cross  section 

The  distribution  of  signal  to  clutter  ratio  is  a combination  of  the  individual 
distributions.  These  factors  have  been  combined  in  a small  Monte  Carlo  pro- 
gram, The  program  was  used  to  determine  the  distribution  of  required  SCV 
using  the  above  distributions  of  clutter  and  signal  as  inputs.  The  requirement 
for  detection  per  scan  is  about  0,  9 or  greater  (Appendix  C-1).  It  is  conservatively 
assumed  that  the  SCV  should  be  cancelled  to  the  95  percentile  level.  This  cor- 
responds to  about  1.  25  clutter  standard  deviations  or  12.  5 dB  above  tne  median 
value.  Hence  the  land  clutter  reflectivity  design  points  (0°  in  dB)  are  as  follows: 
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AD-A049  777 


unclassified 


RAYTHEON  CO  WAYLANO  MASS  F/t 

UNATTENUCO/MINIMALLY  ATTENDED  RADAR  STUDY*  VOLUME  II. (U) 

dec  77  AM  FRENCH*  J L BERU0E  F3060a*7S-C-03S9 


F/f  17/9 


Efl77-9i09-VOL-a 


RAOC-TR-77-%Ol-VOL-t 


5 of5 

*5o<9777 


UHF 


L-band 


-26.5  -21.5 

The  clutter  radar  cross-section  is  given  by 
= 0°  R 6g  r sec 

where 

0°  = land  clutter  reflectivity  design  point 

R = slant  range  to  clutter 

9g  = azimuth  beamwidth 

r = range  resolution 

® = slope  angle 

The  calculation  for  L-band  is  given  below 


dB 

1 

+ 

- 

o° 

21.  5 

R 

= 30  n.  mi.  = 55560  m 

47.45 

®B 

= 1.4°=  0.  0244  rad 

16.  12 

r 

= ^ (T  = 6 u8)  = 899.  4 m 

29.  54 

sec 

O 

O 

II 

0.  07 

77.  06 
-37.62 

37.  62 

39.  44 

a = 39.  44  dBsm 
c 


The  target  radar  cross-section  @ 30  n.  mi.  is  0 dBsm.  It  is  also  assumed 
that  the  antenna  gain  to  the  target  is  3 dB  (one-way)  higher  than  the  antenna  gain 
to  the  clutter.  Hence  at  L-band  the  SCV  requirement  is  39.  44  - 0 - 6 = 33.  44  dB 
per  pulse. 
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Th«;  calculation  for  UHF-band  is  shown  below, 


dB 


R = 30  n.  mi. 

65=  3.5° 

r = (t  = 6 us)  = 899.  4 m 
sec  0;  ® = 10° 


O = 38.42 
c 

SCV  = 38.42  - 0 - 6 = 32.  42  dB  per  pulse. 

C.2.2  SEA  CLUTTER 

The  radar  polarization  is  vertical.  The  sea  clutter  reflectivity  design 
points  (0°  in  dB)  from  Table  1 at  one  degree  depression  angle  is  as  follows: 

UHF  L-band 

-53  -48 

Comparing  these  values  to  the  land  clutter  calculations  we  see  that  the 
SCV  requirement  in  dB  for  sea  clutter  is  as  follows: 

SCV  @ UHF  SCV  @ L-band 

5.92  6.94 

C.2.  3 WEATHER  CLUTTER 

The  clutter  cross-section  per  unit  volume,  ti,  is  given  by 
r|  = 6 X 10  r^*  ^ meters"^ 


+ 

- 

26.  5 

47.  45 

12.  14 

29.54 

0.  07 

77.  06 
-38.64 

38.  64 
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I 


I 

I 


where 

r = the  rain  rate  in  mm/hr, 

X = electromagnetic  wavelength  in  meters. 

For  r = 14  mm/hr,  X = 0.  23  m (L-band)  we  find 

_Q  _ 1 

Ti  = 1.  462  X 10  meters 

i.^ 

At  UHF  band,  X = 0.  666  m,  we  find 

Ti,,u^=  2.  077  X 10“^^  meters"^ 

UHF 

The  volume  occupied  by  a radar  beam  of  vertical  beamwidth  tfg, 
horizontal  beamwidth  9_,  and  a pulse  duration  of  T is  approximately 

£3 


V 

m 


CT 

2 


The  clutter  radar  cross-section  is 


0 

c 


= T1  V 


m 


The  L-band  calculation  is  shown  below 


Ti  = 1.  462  X lO”^ 
rr/4 

2 

(R  = 30  n.  mi.  ) 

= 1.4°  = 0.0244  rad 
15 

6° 

ct/2  = 


o_  = 


dB 


9.  32  dBsm. 


r 


C-2.4 


The  UHF-band  calculation  is  shown  below 


r]  = Z,  077  X 10 
tt/4 

(R  = 30  n.  mi. 
05=  3.5“ 


-11 


ct/2 


18" 


dB 


0.  61 


Since  the  target  radar  cross-section  is  0 dBdm  and  the  antenna  gain  to 
the  rain  clutter  is  assumed  to  be  the  same  as  that  to  the  target,  we  find  that 
the  subclutter  visibility  factors  in  dB  for  weather  clutter  is  as  follows: 


SCV  @ UHF 
9.32 


SCV  @ L-band 
-0.  61 


C.2.4  CLUTTER  IMPROVEMENT  REQUIREMENTS 

The  clutter  improvement  factor  (1)  is  related  to  SCV  by 

I = SCV  + X 

where  X is  the  additional  amount  that  the  clutter  must  be  suppressed  below  the 
signal  to  satisfy  threshold  requirements  for  a specified  and  These 

requirements  must,  in  general,  be  satisfied  in  the  presence  of  the  sum  of  all 
interference.  The  value  X is  therefore  predicated  on  the  performance  degradation 
acceptable  in  clutter  plus  noise  environment  as  compared  to  a noise-only  situation. 
The  noise-only  case  has  been  analyzed  in  Appendix  C-1. 
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I 

1 

f 


\ 


A typical  average  improvement  factor  (I)  available  from  an  MTI/FFT 
spectral  filter  is  about  50  dB  within  the  doppler  pass-band.  Typical  improve- 
ment envelops  are  shown  in  Section  2.  7.  2.  Using  50  dB  for  I,  the  allowable 
value  for  X is, 

L-Band  UHF 

I 50  50 

SCV  33. 4 32. 4 

X 16.6  17.6 

The  parameter  X is  related  to  the  output  S/C  as  follows.  The  signal  is 
enhanced  with  respect  to  the  clutter  residue  by  effective  signal  processor  gain 
of  5.  6 dB  (See  Appendix  C-1).  This  is  equal  to  the  FFT  signal  gain  less  the 
signal  losses  due  to  the  A/D,  weighting,  CFAR,  etc.  This  gain  is  allov.'able  if 
the  clutter  residue  is  uncorrelated  which  is  generally  true  away  from  the  peak 
clutter  response. 

The  output  S/C  is  then 

^ = X + 5.6  = 22.2  dB  (L-Band) 

= 23.2  dB  (UHF) 

The  relationship  between  signal-to-interference  ratio  (S/I),  S/N  and  S/C 
is  given  by: 


S S . 1 

r = fTRT  T — -T 

(^)  (0 

The  required  S/1  for  the  baseline  configuration  (L-Band)  and  the  equivalent 
UHF  configuration  is  (Appendix  C-1). 


S 

r 


13.  1 dB  (L-Band) 
7.7  dB  (UHF) 


Note  that  the  above  values  also  assume  that  the  clutter  is  uncorrelated  from 
batch-to-batch.  As  frequency  agility  is  employed  between  batches,  this  is  a 
reasonable  assumption. 

Solving  for  the  S/N  required  to  achieve  the  stated  S/I, 


S 1 


= 13.  7 dB  (L-Band) 

= 7.8dB 

These  values  include  an  additional  loss  when  compared  to  the  requirement  for 
noise  alone  of: 

Clutter  Loss  = 0.6  dB  (L-Band) 

= 0.  1 dB  (UHF) 


APPENDIX  C-3 

IMPROVEMENT  FACTOR  FOR  MTI  & FFT 


The  calculation  of  the  improvement  factor  for  an  MTI  canceller  in  cascade 
with  an  FFT  filter  is  described  in  this  appendix.  The  improvement  factor  I is 
defined  as 


where 


X. 


IViP 


= input  signal-to- interference  ratio 


= input  signal  voltage 
= input  interference  power 
|2 


|v. 


= output  signal-to-interference  ratio 


= output  signal  voltage 
= output  interference  power 


We  may  write  equation  (1)  as 


1 


C. 


7^  = |H(f)I  C, 


where  H(f)  * -rr-  = voltage  transfer  function 


c: — 

and  Cn  s = interference  attenuation  ratio 


If  the  input  interference  power  spectrum  is  W^(f),  then 


c,  . I W,(f)d/ 
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(1) 


(2) 


(3) 


(4) 

(5) 

(6) 


(7) 


and 


C = ^ |H(f)|^  W.(f)  df 

O w * 


(8) 


Thus  equation  (4)  becomes 

!h(£)1^  ^ W^(f)  d£ 


J lH(£)I^  W.  (£)  d£ 


(9) 


1£  H is  the  maximum  value  o£  H(£)  we  can  de£ine  a normalized  response 
max 


V (f)  = iiiiL 

N'  ' H 

max 


(10) 


This  response  £unction  was  calculated  in  re£erence  memo  (1)  for  the 
MTI  + FFT  configuration.  In  terms  of  Vj^(f)  equation  (9)  may  be  written 


J Wi(£)df 

• OD 

^ IV^Wl^W.  (£)df 


(11) 


N / 

Hmax  1®  value  of  H(f)  in  filter  number  y at  f = where  f^  is  the  prf. 
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If  the  radar  samples  are  at  a pulse  repetition  frequency  f^,  then  the 
spectrum  W^if)  and  the  response  Vj^{f)  are  both  periodic  in  frequency  with 
period  f . Hence  equation  (11)  can  be  written 

f 

r 

1 = -j 5 , (0Sf<f^)  (12) 

w.(f)  df 

0 

We  shall  assume  that  the  interference  power  spectrum  W^(f)  is  given  by 
Wi(£)  = Wj^(f)  + WJf)  + Wj^(f)  (13) 

whe  re 

W^,(f)  is  the  noise  power  spectrum, 

N 

Wj^(f)  is  the  land  clutter  power  spectrum, 

and 

W„(f)  is  the  rain  clutter  power  spectrum. 

Xx 

Let  the  total  noise  power  be  denoted  by  Then 

fr 

Pn  = ^ 

0 

We  shall  assume  that  the  noise  power  spectrum  is  constant  at  a levd  of  M 
watts  per  Hertz. 

Wj^(f)  = M (15) 

Then  from  equation  (14), 

Pn  = M f^  (16) 
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Let  the  total  land  clutter  power  be  deonted  by  Then 

f 

r 

0 


We  shall  assume  that  the  land  clutter  power  spectrum  is  given  by  the 
gaussian  shape 


aJZn 


1 

Z 


(^0 ' , ;i  (^) 


(18) 


where 


= standard  deviation  of  land  clutter  in  Hertz 


A sketch  of  the  land  clutter  power  spectrum  is  shown  in  Figure  1. 


I 


i. 

Figure  1.  Land  Clutter  Power  Spectrum 


C-3-4 


Than 


Let  the  total  rain  clutter  power  be  denoted  by  P 

f 

r 

Pg  = ^ w^(f|  df 

0 


(19) 


We  shall  assume  that  the  rain  clutter  power  spectrum  is  also  given  by 
gaussian  shape  except  that  it  is  offset  in  doppler  frequency  by  the  mean 
wind  radial  velocity. 


W^(f) 


1 / f . f 


+ e ^ 


(20) 


where 


fo  = the  doppler  offset  frequency 


and 


A sketch  of  the  rain  clutter  power  spectrum  is  shown  in  Figure  2. 


A 


Figure  2.  Rain  Clutter  Power  Spectrum 
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It  is  easily  verified  that  the  total  input  interference  power  is 
f 

r 


C. 


(21) 


Now  returning  to  equation  ( 12), divide  numerator  and  denominator  by  Pj,^, 
yielding 


= T 


w,(f) 


(22) 


From  equation  (13)  we  have 


W.(f) 


N N N N 

From  eruations  (15)  and  (16)  we  find 


(23) 


W^(f) 


M 


1 


M f 


N r r 

From  equation  (18)  we  find 


;p. 


1 


N/  C»  2 TT 


• i Ik) 


\ 2 

/ f - f \ 

) 

1 

■ 2 

+ e 


(24) 


(25) 


From  equation  (20)  we  find 


1 

^f.f  N 

o 

" 2 
e 

1 '^r/ 

(26) 
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Now  let 


. ilif 
■ 

= signal-to- noise  ratio 

- 

= signal 'to -land  clutter 

ratio 

- 

■ Pr 

= signal-to-rain  clutter 

ratio 

Then 

Pr 

" ^R 

Pl 

“ ^ 

Thus  we  can  write 


(27) 

(28) 

(29) 

(30) 

(31) 
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We  are  now  in  a position  to  calculate  the  improvement  factor  from 
equation  (22).  A computer  program  was  written  for  the  HP  9820A  to  plot  the 
improvement  factor  as  a function  of  dopplcr  frequency.  To  simplify  the  plots 
the  improvement  factor  was  plotted  in  each  filter  only  over  the  main  response 
lobe. 

The  results  of  the  computer  program  are  presented  in  Section  2.7.2. 
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APPENDIX  C-4 

IMPROVEMENT  FACTOR  FOR  TRANSVERSAL  FILTER 


The  transversal  filter  consists  of  a tapped  delay  line  and  a weighted 
summer  as  shown  in  Figure  1.  The  taps  are  spaced  at  delay  times  equal  to 
the  repetition  period.  The  signal  and  the  weights  are  complex. 

Let  V = ^ (k  = 1,  2,  . . . , N) 

represent  the  input  voltages  of  N pulses. 

Let  W = (k  = 1,  2 N) 

represent  the  complex  weights. 

Then  the  output  voltage  of  the  transversal  filter  is  given  by 


(1) 


(2) 


N 

- T 


r = w.  V.  = W^V  = V^W 

k=  1 “ 


(3) 


where  the  superscript  T represents  the  transpose. 

The  output  complex  power  in  a one  ohm  impedance  is  given  by 


P = 
o 


rr  =W^VVW 


(4) 


where  the  superscript  * represents  the  complex  conjugate  and  the  bar  represents 
the  ensemble  average. 

We  shall  now  compute  the  input  and  output  powers  and  the  filter  gain  for  both 
the  signal  and  the  interference. 

Let  P. 


18 


OB 


= input  signal  power 
= output  signal  power 


os 

IT* 

IS 


= signal  gain 
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input  interference  power 
output  interference  power 


G = = — = interference  gain 
" in 

Then  the  improvement  factor  is 

P /P  G 
, _ 08  on  8 

^f=  = cT 

18  in  n 

When  V consists  entirely  of  interference,  we  have  from  Equation  (4), 


T VV 


G = 
n 


T * 

G = W^CW 
n 


where 


is  the  covariance  matrix  of  the  interference. 

Now  when  V consists  entirely  of  signal,  we  have 


V,  = Aej<tk-I]a.T+cp) 
k 


where 


A - peak  voltage  amplitude 

(p  = phase  angle  in  radians  at  some  reference  range 
T = pulse  period 
k = pulse  number 
uu  = radian  doppler  frequency 

a = Ae^"* 

.jLk-l]u,T 

« = le^} 
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Then 


V = = a© 

The  input  signal  complex  power  is 


Pis= 


The  output  signal  complex  power  is  from  Equation  (4)  and  (14) 


•p  « ](<T  * 

P = W^a©tl  © W 

os  

« T ♦T  * 

= a a e©  ^ w 

2 T * 

= A Vi  © 0 W 


Hence  the  signal  gain  is 


T *T  * 
G = W^©  © ^ W 
s 


6 = 00 


Then 


®1®2* 

®2®I 


• • ®1®N 


....  ®n®N 


Using  Equations  (12)  and  (13)  in  (21)  yields  the  Hermitian  matrix 


^-juuT  ^-jujNT 

C e e s e V 


,ji«.NT 


Note  that  all  the  rows  and  columns  of  B are  proportional;  hence,  it  is  a singular 
matrix  of  rank  1. 
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From  Equations  (19)  and  (20),  we  have 


T * 

G = W^BW 

8 


Now  from  Equations  (5),  (7),  and  (23),  we  find 


T * 

. W^BW 

If=  f * (24) 

W CW 

We  seek  the  W which  will  make  l^. a maximum.  Since  the  derivative  of 
should  vanish  at  this  point,  we  seek  to  make  l.<  stationary.  Lwill  become  stationary 
if  we  choose  to  make  CW  proportional  to  BW  , i.  e. 

CW*  = XBW*  (25) 

where  X is  a proportionality  constant.  For  in  that  case,  we  would  have 

, W^BW  W^BW  1 

W ~ ^ ^ ^ o ) 

W^XBW  XW^BW  ^ 

which  is  a constant. 

Hence,  we  have  the  set  of  equations 

CW*  = XBW*  (27) 

Premultiplying  both  sides  by  C"  ^ yields 

w"  = X C"*BW'‘  (28) 

Transposing 

XC’‘bW*  . W*  = 0 (29) 


(c’‘b  - y)w*  = 0 

where  1 is  the  identity  matrix. 

Equation  (30)  will  have  non-trivial  solutions  if  and  only  if 


C*‘B  - IjH  e 0 
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The  solutions  to  the  polynomial  Equation  (31)  are  the  eigenvalues  of  the 
matrix  C‘*B.  Since,  as  noted  before,  the  rank  of  B is  1,  the  matrix  C“*B  must 
also  be  of  rank  1.  (The  rank  of  a product  of  two  matrices  is  not  greater  than  the 
rank  of  either  factor.  ) This  means  that  all  of  its  eigenvalues  are  zero  except  one. 
Since  the  trace  of  a matrix  is  equal  to  the  sum  of  its  eigenvalues,  we  have  that  the 
eigenvalue  of  C'*B  is  given  by 

= tr(C'*B)=  tr  (C’e©”^^)  = ©’*'^C'‘©  (32) 


Since  B is  a function  of  the  doppler  frequency,  both  I-  and  the  associated  eigen- 
♦ * 
vector  "'ill  vary  with  frequency. 

A computer  program  for  plotting  as  a function  of  target  doppler  frequency 
was  written.  The  results  are  shown  in  Figures  2.  7.  2-  and  2,  7.  2-  . The 

covariance  matrix  of  the  interference  is  derived  below. 


Interference  Covariance  Matrix 

The  interference  is  composed  of  receiver  noise,  land  clutter,  and  rain 
clutter.  The  total  interference  power  spectrum  Wj(f)  is  given  by 

W.(f)  = Wj^(f)  + WJf)+  Wp(f)  (1) 

where 

Wj^(f)  is  the  noise  power  spectrum, 

Wj^(f)  is  the  land  clutter  power  spectrum, 

and 

Wp(f)  is  the  rain  clutter  power  spectrum. 

The  autocorrelation  function  of  the  interference  is  given  by  the  inverse 
Fourier  transform  of  its  power  spectrum,  1.  e. 

R^(t)  = ^ Wj(f)e^^^^*  df  (2) 
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The  normalized  autocorrelation  function  is  defined  as 


I 


Pj(t) 


R^(t) 


From  Equation  (2),  we  find  that  this  becomes 

OD 

C w.(f)e df 


Pi(t}  = 


The  denominator  represents  the  total  interference  power 
C,=  J*  W,(f,«=  P„ 


(3) 


(4) 


(5) 


where 

is  the  noise  power, 
is  the  land  clutter  power, 

and 

Pj^  is  the  rain  clutter  power. 

The  noise  power  spectrum  is  assumed  to  be  constant  at  M watts  per  Hz. 
Hence,  the  autocorrelation  function  of  the  noise  is 

Rjj(t)  = [ Wj^(f)  e^  df  (6) 

‘ •« 

( 

^ M r*  e^^^^^df  (7) 

V *00 

’ = M6  (t)  (8) 
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Note  that  from  Equation  (6), 


^ — m 


(9) 


Let 


0n(»> 


M 


6 (t) 


N 


We  shall  assume  that  the  land  clutter  spectrum  Is  given  by 


W Jf)  = 


2 


2 


(10) 


(11) 


where 

0,  is  the  standard  deviation  of  the  land  clutter  spectrum  in  Hertz. 
Hence  the  autocorrelation  function  of  the  land  clutter  is  given  by 


RlIO  = W Jf)  df 

-2(naT  t)^ 

= 

At  t = o, 

RJo)  = Wj^(f)  df  = Pl 

• QD 

Let 

RJt)  -2(nOL»>^ 
' ITJTS)  = ® 


(12) 

(13) 

(14) 

(15) 
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I 


The  rain  clutter  power  spectrum  is  assumed  to  be  f^aussian  with  mean 


doppler  , I.  e. 


Op  V 2tt 


2 


(16) 


Hence  the  autocorrelation  function  of  the  rain  clutter  is  (jiven  by 


RR(t)  = 

\ ” W„(f)  df 

^ R 

-00 

(17) 

= 

-2(n  Or  t)^  + j 2n{  t 

P e ^ 

^R  * 

(18) 

o, 

Rp(o)  = 

r ^ Pr 

(19) 

' -00 

PpCt)  = 

Rj^(t)  - 2(TT0pt)^  + j 2TTfQt 

(20) 

-R^rei  - ' 

The  autocorrelation  function  of  the  interference  is 

R.(t)  = 

Rj^(t)  + R^lt)  + Rp(t) 

(21) 

o, 

R.(o)  = 

Kj^(o)  + R Jo)  + Rp(o) 

(22) 

= 

Pl"  Pr 

(23) 

Hence 

I 

Pj(t) 


R^(t) 

R^) 


Rwit)  + RJt)  + Rp(t) 


(24) 
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Dividing  numerator  and  denominator  of  Equation  (20)  by  the 
Pg  yields 


p.(t) 


R^,(t)  R,(t)  Rj,(t) 

^ ^R 


N 


pn<‘>  + p: 


pl' 


(t)  + 


P^  Pr^*' 


N 


^PN(t)  + OlU)  + ^ pR(t) 
L R 


where 

Xj^  = signal  to  noise  power  ratio 

= land  clutter  to  noiae  power  ratio 
Xp  = rain  clutter  to  noise  power  ratio 


Equation  (27)  can  be  written 

% 

Pi(t)  = SPN(t>+KLPL<‘)+Kj^pR<‘> 


whe  re 


K 


N ' 


1 

TT 


1 + 


signal  power 


(25) 


(26) 


(27) 


(28) 


(29) 
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, ::jj ; X 


a txl 


1 


Y-  ^ ‘ + 5r- 
R 


(30) 


K. 


“H 


1 


_U  + X + X 


(31) 


Since 

n^(o)  - pp^(o)  = ej^(o)  = pj^(o)  = 1 

We  liave  from  Equation  (28), 


1 -_  Kj, 


(32) 


(33» 


which  can  be  verified  as  true  by  adding  Equations  (29)*  (^0)*  and  (31). 
Since  p^(t)  = 0 for  t ^ 0,  we  have 


.(t)  -{ 


1 (t  = 0) 


(34) 


Tlie  covariance  matrix  will  tlien  be  given  by 


C = 


Pi(T) 


Cii(2T) 


Pi(NT) 


0i(T)  1 

Pi(2T) 


p*(NT) 


(35) 


where  T i«  the  repetition  period  and  N is  the  number  of  pulses  processed  by  the 
transversal  filter. 
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APPENDIX  D 
MULTIPATH  MODEL 


D-1  MULTIPATH  MODEL 


The  analytical  model  used  in  the  multipath  analysis  leading  to  curves 
2.  7.  4-1  through  2.  7.  4- 16  is  according  to  classical  specular  reflection  theory 
which  is  discussed  in  detail  in  Kerr  (2),  Beckmann  and  Spizzichino  (3),  Barton  (4), 
Barton  and  Ward  (5),  etc.  A smooth  curved  earth  is  assumed  and  the  sum  pat- 
tern voltage  signal  e^  is  a combination  of  the  direct  signal  return  from  the  tar- 
get and  the  specular  multipath  return.  Specifically, 


i: 


c 


E(9t) 


R 


E (Gj.) 

-B—rwi 


exp  (-icp)  I 


(1) 


where 


P 


cp 


a-  180° 


Qr 

r{9) 

R 


amplitude  of  the  reflection  coefficient 
phase  shift  = A R + Q. 

path  difference  between  direct  and  specular  components 
phase  of  the  reflection  coefficient 
off-boresight  angle  to  the  target 
off-boresight  angle  to  the  specular  point 
normalized  antenna  pattern 

direct  path  distance  between  target  and  radar 

slant  retnges  to  specular  point  from  radar  and  target, 

respectively 


and  C is  a constant  calculated  from  the  expression 

= P^G^G^  0/(4  n)^L 


(2) 


D-1 


where 


G 

r 


L 

Modeling  noise  N 


peak  transmitter  power 

peak  transmitter  and  receiver  gains, 

wavelength 

target  cross  section 

system  losses 

by 


respectively 


N = kT  B 

m 


where 

-23 

k = 1,  38  X 10  joule/deg.  = Boltzmann's  constant 

B = noise  bandwidth 
m 

T = receiver  temperature 


(3) 


The  signal-to-signal  noise  power  (S/N)  is  given  by 

S/N  = I e^,  l^/N  . (4) 

The  heavy  lobing  structure  shown  in  each  of  the  S/N  plots  is  a result  of 
strong  multipath  signals  adding  to  and  subtracting  from  the  direct  signal  as 
the  relative  phase  shift  (p  changes  from  0 to  n radians.  The  upward  swing  in  the 
curves  at  the  furthest  target  ranges  is  also  characteristic  of  expression  (1), 
although  as  discussed  in  the  next  section,  this  simplistic  model  needs  refine- 
ment at  these  largest  target  ranges  in  order  to  accurately  describe  signal 
response  from  regions  in  the  immediate  vicinity  of  the  horizon. 

The  reflection  coefficient,  p,  is  given  by; 

P = Dd^  (5) 
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where  is  the  flat  earth  Fresnel  reflection  coefficient  and  n is  a divergence 
factor  to  modify  for  the  effect  of  the  earth's  curvature  at  large  target  ranges, 
p^  tends  to  unity  as  the  specular  grazing  angle  tends  to  zero,  or  equivalently, 
when  the  target  approaches  the  interfe rence /diffraction  boundary  at  the  local 
horizon.  The  divergence  factor 


D = 


2 R,  R. 


TRj  + R2) 


sin  ^ 


-1/2 


(6) 


where 

a =4/3  earth's  radius 
e 

cfi  = specular  grazing  angle 


tends  to  zero  abruptly,  however,  as  the  target  approaches  this  boundary  so  that 
the  total  reflection  coefficient  p tends  to  zero  and  the  S/N  curves  have  positive 
slope  at  these  ranges. 

D-2  VALIDITY  OF  THE  MULTIPATH  MODEL 

The  field  integral  leading  to  (1)  is  evaluated  using  an  asymptotic  expansion 
that  excludes  values  of  cp  extremely  close  to  zero  so  that  there  is  a transition 
region  in  the  vicinity  of  the  horizon  where  Equation  (1)  needs  modification  to 
continuously  pass  to  the  diffraction  region.  The  width  of  this  tiansition  region 
is  not  precisely  know,  however,  it  is  believed  (Ref,  2)  that  expression  (1)  is 
always  valid  for  lAR  z^/4  and  may  be  extended  to  target  ranges  where  360  ~ ~ * 
deg  in  the  case  of  low  sighted  radar.  Translating  this  last  condition  to  the 
geometries  considered  in  reference  (1)  (using  curved  earth  calcvilations  for 
AR)  the  S/N  curves  may  be  considered  valid  to  within  2-3  nm  of  the  interference/ 
diffraction  boundary 
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